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1. Are you: 
A hardware developer 
A software developer 
— .. Other. Please specify 


2. For what purpose(s) did you purchase this Technical Reference Guide? 


3. What type of information would you like to see that 1s not presently 
included? 


4. Did you find any errors? Please specify. 


5. Do you find the presentation of information generally easy to use? Why or 
why not? 


6. How could this Technical Reference Guide better serve your needs? 


Thank you. 
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ONE-YEAR LIMITED WARRANTY 


Definitions 


This one-year limited Warranty applies to all models of the COMPAQ DESKPRO 386s 
Personal Computer. During the one-year period of this Warranty, it also covers any 
optional or accessory product(s) manufactured or sold by Compaq Computer 
Corporation ("Compaq ) and installed by an Authorized COMPAQ Computer Dealer or an 
Authorized COMPAQ Warranty Service Provider, in a COMPAQ DESKPRO 386s Personal 
Computer. The COMPAQ DESKPRO 386s Personal Computer and the covered optional or 
accessory products are the "COMPAQ products" referred to in this Warranty. 

This one-year limited Warranty, however, does not apply to the COMPAQ Dual -Mode 
Monitor, or to any other optional or accessory product not internally installed in 
the COMPAQ DESKPRO 386s Personal Computer. 


You are the “Purchaser. if you are the original purchaser of the COMPAQ Product 
from either Compaq or an Authorized COMPAQ Computer Dealer. This Warranty only 
applies to original Purchasers, and is not transferable to anyone who purchases the 
COMPAQ product from you. 


The "Date of Purchase" is the date you originally purchased the COMPAQ Product, and 
is shown on the original Authorized COMPAQ Computer Dealer or Compaq proof of 
purchase. Your sales receipt, showing the Date of Purchase, the COMPAQ product(s} 
purchased, and the name of the Authorized COMPAQ Computer Dealer that sold you the 
COMPAQ product(s), serves as your proof of the Date of Purchase. 
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Compaq warrants to you, the Purchaser, that the COMPAQ DESKPRO 386s Personal 
Computer you have purchased from an Authorized COMPAQ Computer Dealer or from 
Compaq is free from defects in materials and workmanship for a period of one year 
from the Date of Purchase. 


Compaq further warrants to you, the Purchaser, that any optional or accessory 
products manufactured or sold by Compaq, which you purchase on or after the Date of 
Purchase of the COMPAQ DESKPRO 386s Personal Computer, covered by this limited 
warranty, and which are installed in that COMPAQ DESKPRO 386s Personal Computer by 
an Authorized COMPAQ Personal Computer Dealer or an Authorized COMPAQ Warranty 
Service Provider, are free from defects in materials and workmanship for a period 
of one year from the Date of Purchase of the COMPAQ DESKPRO 386s Personal Computer 
in which such COMPAQ product(s) are installed. If the optional or accessory 
products are purchased for installation in the COMPAQ DESKPRO 386s Personal 
Computer less than ninety (90) days prior to the expiration of the one-year limited 
warranty applicable to the COMPAQ DESKPRO 386s Personal Computer, then the optional 
or accessory products are covered by the ninety-day (90-day) limited warranties 
accompanying such products. 


This further warranty does not apply to any optional or accessory products which 
have been previously installed in any COMPAQ or other computer prior to their 
installation in the COMPAQ DESKPRO 386s Personal Computer covered by this limited 
warranty. 


This further warranty also does not apply to the COMPAQ Dual-Mode Monitor or to any 
other optional or accessory product used in connection with, but not installed in, 
the COMPAQ DESKPRO 386s Personal Computer covered by this limited Warranty. 
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Remedies 


During the Term of this Warranty, at no additional charge to the Purchaser, Compaq 
will repair or replace any defective parts of the COMPAQ DESKPRO 386s Personal 
Computer purchased under this limited Warranty, or of the optional or accessory 
products covered by this limited Warranty, with new, or, at the option of Compaq, 
refurbished parts. To obtain this repair or replacement service, the Purchaser 
must return the COMPAQ product to an Authorized COMPAQ Computer Dealer or Compaq. 
The Purchaser also may return the COMPAQ product to a participating Authorized 
COMPAQ Computer Warranty Service Provider, at the Service Provider's option. 

The Purchaser must prepay any shipping charges. In addition, the Purchaser is 
responsible for insuring any product so returned and assumes the risk of loss 
during shipping. All parts and products replaced under this Warranty become the 
property of Compaq. 


Warranty Claim Requirements 


To claim service pursuant to this Warranty you, the Purchaser, must: 


1. Provide any Authorized COMPAQ Computer Dealer, Compaq, or a participating 
Authorized COMPAQ Computer Warranty Service Provider with proof of the Date of 
Purchase from an Authorized COMPAQ Computer Dealer or Compaq. 


2. Return the COMPAQ product to an Authorized COMPAQ Computer Dealer, Compaq, or at 
the Service Provider's option, a participating Authorized COMPAQ Computer 
Warranty Service Provider. The Purchaser must prepay any shipping charges. 

In addition, the Purchaser is responsible for insuring any product shipped for 
return, because under this Warranty the Purchaser assumes the risk of loss 
during shipment. 


3. The Purchaser may request information on how to obtain Warranty service by 
contacting any Authorized COMPAQ Computer Dealer. You may call 1-800-231-0900, 
toll-free, from anywhere in the 48 contiguous United States, Alaska, and Hawaii 
for the location of the Authorized COMPAQ Computer Dealer nearest you; or 


4. The Purchaser may also request information on how to obtain Warranty service by 
writing to the Customer Relations Department at Compaq Computer Corporation, 
P.O. Box 692000, Houston, Texas 77269-2000. 
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Disclaimers 
- I 


THIS LIMITED WARRANTY DOES NOT EXTEND TO ANY PRODUCTS NOT PURCHASED FROM COMPAQ OR 
AN AUTHORIZED COMPAQ COMPUTER DEALER. THIS LIMITED WARRANTY ALSO DOES NOT EXTEND 
TO ANY PRODUCTS WHICH HAVE BEEN DAMAGED OR RENDERED DEFECTIVE (a) AS A RESULT OF 
ACCIDENT, MISUSE, ABUSE; (b) BY THE USE OF PARTS NOT MANUFACTURED OR SOLD BY 
COMPAQ; (c) BY MODIFICATION, OR (d) AS A RESULT OF SERVICE OR MODIFICATION BY 
ANYONE OTHER THAN COMPAQ, AN AUTHORIZED COMPAQ COMPUTER DEALER, OR AN AUTHORIZED 
COMPAQ COMPUTER WARRANTY SERVICE PROVIDER. 


EXCEPT AS EXPRESSLY SET FORTH ABOVE, COMPAQ MAKES NO OTHER WARRANTIES, EXPRESS OR 
IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF MERCHANTABILITY 
AND FITNESS FOR A PARTICULAR PURPOSE, AND COMPAQ EXPRESSLY DISCLAIMS ALL WARRANTIES 
NOT STATED HEREIN. IN THE EVENT THE PRODUCT IS NOT FREE FROM DEFECTS AS WARRANTED 
ABOVE, YOUR SOLE REMEDY AS THE PURCHASER SHALL BE REPAIR OR REPLACEMENT AS PROVIDED 
ABOVE. UNDER NO CIRCUMSTANCES WILL COMPAQ BE LIABLE TO THE PURCHASER, OR TO ANY 
USER, FOR ANY DAMAGES, INCLUDING ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES, EXPENSES, 
LOST PROFITS, LOST SAVINGS, OR OTHER DAMAGES ARISING OUT OF THE USE OF OR INABILITY 
TO USE THE COMPAQ PRODUCT. 


ANY IMPLIED WARRANTIES ARE LIMITED TO THE TERMS OF THIS EXPRESS LIMITED WARRANTY. 


SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION OF INCIDENTAL OR CONSEQUENTIAL 
DAMAGES FOR CONSUMER PRODUCTS, AND SOME STATES DO NOT ALLOW LIMITATIONS ON HOW LONG 
AN IMPLIED WARRANTY LASTS, SO THE ABOVE LIMITATIONS OR EXCLUSIONS MAY NOT APPLY TO 
YOU. 


THIS WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS, AND YOU MAY ALSO HAVE OTHER RIGHTS 
WHICH VARY FROM STATE TO STATE. 
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NOTICE 


Compaq Computer Corporation requires that all connections to this device be made 
via shielded cables with metal RFI/EMI connector hoods. 


WARNING 


This equipment has been certified to comply with the limits for a Class B computing 
device, pursuant to Subpart J of FCC Rules. Only peripherals (computer 
input/output devices, terminals, printers, etc.) certified to comply with the 

Class B limits may be attached to this computer. Operation with noncertified 
peripherals is likely to result in interference to radio and TV reception. 
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INTRODUCTION 


1.1 ABOUT THIS GUIDE 


This guide provides hardware and firmware (ROM) information on the COMPAQ 
DESKPRO 386s Personal Computer for: 


= Developers who want to know more about the hardware in their system and general 
theories about how the system works 


= Programmers who need to know about the hardware (programmable devices) and 
firmware for programming purposes 


= Engineers or technicians who need technical information to design accessories 
for the system 


= Individuals or companies who want to know how the COMPAQ DESKPRO 386s Personal 
Computer operates and how to access its many features 


This guide assumes an understanding of the Intel 386SX™* processor and supplements, 
but does not replace, the following Intel® publications: 


= The Lotus/Intel/Microsoft Expanded Memory Specification, Version 3.2 
(part no. 300275) 


" Introduction to the Intel 80386™ Microprocessor (part no. 231252) 

= 80386 Microprocessor Specification (part no. 240187-001) 

= Intel 80386SX Microprocessor Family Product Brief (part no. 240235-001) 
= 80386 Hardware Reference Manual (part no. 231732) 

= 80386 Programmer's Reference Manual (part no. 230985) 

= 80386 System Software Writer s Guide (part no. 213499) 


= Intel 80387'" Coprocessor Programmer s Reference Manual (part no. 231917) 


*Hereafter referred to as 80386SX. 
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For more information about these Intel publications, write or call: 


Intel Literature Sales 
P.0. Box 58130 
Santa Clara, CA 95052-8130 
Telephone: 800-548-4725 
Source: CQ 


These documents apply only to Intel Corporation manufactured parts and parts from 
Intel licensees. 
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Organization 
Chapter 1 describes the organization and conventions used in this guide. 


Chapter 2 introduces the COMPAQ DESKPRO 386s Personal Computer, its features, 
components, options, and overall specifications. 


Chapter 3 describes the Central Processing Unit (CPU), the CPU bus and the 
optional coprocessor. 


Chapter 4 describes the physical memory subsystem including memory architecture, 
the memory expansion bus, and the expansion memory options. 


Chapter 5 describes the general purpose Industry Standard Architecture (ISA) 
bus and interface. 


Chapter 6 discusses CPU support functions such as Direct Memory Access (DMA), 
interrupts, interval timers, real-time clock, and configuration memory. 


Chapter 7 discusses the I/O subsystem including I/O address decoding the built-in 
asynchronous communications (serial port), and parallel printer port. 


Chapter 8 is a BIOS programming guide that explains the system firmware. 
Chapter 9 explains the built-in Video Graphics Controller (VGC). 
Chapters 10 through 16 describe the hardware and options available. 
Appendix A lists the system error messages and codes. 

Appendix B summarizes the switches, jumpers, and connectors. 

Appendix C contains schematics. 


Appendix D lists the international keyboards. 


Chapters 1 through 8 are contained in Volume I; Chapters 9 through 16, and the 
Appendixes are contained in Volume II. 


Each volume contains an Table of Contents and Index for both volumes to help you 
find the information you need. 
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1.2 NOTATIONAL 
CONVENTIONS 


Values 


1/0 addresses and other values are in hexadecimal notation when shown with the 
letter "h" after them. Memory addresses are in hexadecimal when expressed as 
SSSS:0000 (SSSS is a 16-bit segment and 0000 is a 16-bit offset). All other 
numbers are in decimal notation. 


Ranges 


Ranges or limits for a parameter are shown as a pair of values separated by two 
dots. For example, 4..0 includes numbers 4, 0, and every number in between 
(3, 2, and 1). 


Signal Labels 


Signal values are labeled AO, Al, A15, etc. Signal names are in uppercase letters. 
Signals that are negative true, or active low, are indicated in the text by 

a dash (-) suffix; in the schematics, negative true signals are followed by 

an asterisk (*). 


Register Notation and Usage 


The standard Intel naming conventions are used for the 80386 registers. AX, BX, 
CX, and DX are the names of the general registers when used as word-length 
registers (16-bit). AH, AL, BH, BL, CH, CL, DH, and DL are the names for the 
general registers when they are used as byte-length registers (8-bit). 


SI, DI, and BP denote the source index, destination index, and base pointer 
registers, respectively. 
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CS, DS, SS, and ES denote the four segment registers: code segment, data 
segment, stack segment, and extra segment, respectively. CS is used with the 
IP (instruction pointer) register, and SS is used with the SP (stack 

pointer) register. 


FL is the flag register used to return the status of some operations. Status is 
given as the state of one of the flags within the register: CF for carry flag, 
IF for interrupt flag, etc. 


Register-set boxes that are shaded are ignored on input and are unchanged for 
output. An exception is that the contents of AX are not guaranteed to be preserved 
across all calls. Always reload the function code in AH and the parameter in 

AL (if any) to repeat a call. Register contents are always preserved across BIOS 
calls, unless the register is used to return a value. 


Bit Notation 


Bit values are labeled with bit «0» representing the least-significant bit and 
bit </> representing the most-significant bit of a byte. 


Bit fields within a byte or word are shown as a range of decimal numbers separated 
by two dots enclosed in angle brackets. For example, reference to the four 
most-significant bits in a word is «15..12». The higher number, representing the 
most-significant bit, is on the left. 


Common Acronyms and 
Abbreviations 


The following acronyms and abbreviations are used throughout this guide: 


Acronym Meaning 

AC alternating current 

ACE asynchronous communications element 
ACK acknowl edge 

ALS automatic line-selecting feature 

ASIC application-specific integrated circuit 
BCD binary-coded decimal 


(Continued) 
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Acronym Meaning (Continued) 

BIOS basic input/output system 
CF carry flag 

CPU central processing unit 

CH channel 

CGA color graphics adapter 
CNTLR controller 

DC direct current 

DCC diskette controller chip 
DF direction flag 

DMA direct memory access 

DRAM dynamic RAM 

ECC error checking and correction code 
EGA enhanced graphics adapter 
HW hardware 

IF interrupt flag 

INT interrupt 

ISA industry standard architecture 
LSI large scale integration 
MDA monochrome display adapter 
NT nested task flag 

PF parity flag 

PTR pointer 

RAM random-access memory 

RF resume flag 

RMS root mean square 

ROM read-only memory 

RTC real-time clock 

SF Sign flag 

SW software 

TF trap flag 

UART universal asynchronous receiver/transmitter 
ZF zero flag 

A ampere 

b binary 

bpi bits per inch 

bps bits per second 

cm centimeter 


(Continued) 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 1-7 


Acronym Meaning (Continued) 

°C degrees Celsius 

°F degrees Fahrenheit 

dBm decibel referred to 1 milliwatt 
dword 32-bit double word 

FRI flux reversals per inch 

GB gigabyte 

h hexadecimal 

Hz Hertz 

in inch 


IPS inch per second 


Kb kilobit (1024 bits) 
KB kilobyte (1024 bytes) 


kg kilogram 


kHz kilohertz 
Mb megabit (1 x 10° bits) 


MHz megahertz 

m meter 

ms millisecond (1073) 

us microsecond (10 9) 

ns nanosecond (10 9) 

mA milliampere 

N variable parameter/value 


pF picofarad 
lb pound 


RPM revolutions per minute 

TPI tracks per inch 

V volt 

VGA video graphics array 

VGC video graphics controller 
VLSI very large scale integration 
W watt 
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SYSTEM OVERVIEW 


2.1 INTRODUCTION 


This section describes the key design considerations and technical features 

of the COMPAQ DESKPRO 386s Personal Computer. In this guide, any reference to 
“COMPAQ DESKPRO 386s" is understood to refer to the COMPAQ DESKPRO 386s 
Personal Computer. 


The COMPAQ DESKPRO 386s Personal Computer is the first 803865X-based personal 
computer designed for business productivity applications. The COMPAQ DESKPRO 386s 
Personal Computer delivers the ideal combination of computing capabilities, 
flexibility, and 80386SX-level performance tailored to your needs (Figure 2-1). A 
compact desktop computer design provides an ideal layout for your work environment. 


Built-in features include VGA graphics, l-megabyte enhanced-page memory, and 
parallel, asynchronous communications, and auxiliary input interfaces. The COMPAQ 
DESKPRO 386s Personal Computer uses a concurrent bus design which allows access to 
8-megahertz (MHz) expansion boards without impeding the 16-MHz operation of the 
system unit. 


This architecture separates the system memory bus, which typically makes up 

90 percent of data traffic, from the peripheral bus. By matching the performance 
of high-speed 16-MHz system memory with an appropriate 16-MHz bus throughput speed, 
the concurrent bus design in the COMPAQ DESKPRO 386s Personal Computer provides a 
faster path to data stored in system memory than competitive computer systems that 
use one bus for all system components. And by offering the 8-MHz peripheral bus, 
the COMPAQ DESKPRO 386s Personal Computer delivers full compatibility with the 
thousands of expansion options that can be installed in the industry-standard 
expansion bus. 


Unparalleled Compaq commitment to industry-standard compatibility ensures the 
COMPAQ DESKPRO 386s Personal Computer will operate current and future 
industry-standard business applications. 
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The COMPAQ DESKPRO 386s Personal Computer offers exceptional performance and J 
capabilities for a wide range of business productivity applications, such as: 


= Spreadsheet 

= Word processing 

= Database management 
= Project management 


= Presentation graphics 


Future applications can take advantage of innovative COMPAQ DESKPRO 386s Personal 
Computer features, such as the larger linear (non-segmented) address space, 32-bit 
instructions, and advanced storage capabilities, to further extend the computing 
capabilities of personal computers. 
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Figure 2-1. The COMPAQ DESKPRO 386s Personal Computer 
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2.2 FEATURES 


The unique features of the COMPAQ DESKPRO 386s Personal Computer enhance the 
performance and capabilities of today's business applications while offering a 


growth path into more advanced business applications developed specifically for 
80386SX- and 80386-based computers. 


The following paragraphs highlight the main features of the COMPAQ DESKPRO 386s 
Personal Computer. The following chapters describe each feature in detail. 


System Unit 


A block diagram of the COMPAQ DESKPRO 386s Personal Computer System Board is shown 
in Figure 2-2. Many standard interfaces and functions that required separate 


boards and controller circuits in previous personal computers are built into the 
COMPAQ DESKPRO 386s System Board. 
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Central Processing Unit (CPU) 


The 16-MHz 80386SX microprocessor improves productivity by processing information 
up to 60 percent faster than 10-MHz 80286-based systems with zero wait state or 

33 percent faster than 10-MHz 80286-based systems with one wait state. The 80386SX 
microprocessor also provides the unique capability to concurrently operate 

(i.e. multitask) several 8086 applications, thereby further improving productivity. 
The 80386SX microprocessor is compatible with existing 8086-based, 80286-based, and 
80386-based hardware and software. 


The 80386SX microprocessor uses a 32-bit internal architecture and a 16-bit 
external data bus. This arrangement provides the capability of 32-bit processing 
while retaining the economy of the 16-bit bus. 


The 16-MHz 80387SX coprocessor may be used with the COMPAQ DESKPRO 386s Personal 
Computer. The coprocessor provides maximum performance for calculation 
intensive applications. 


Memory 


The COMPAQ DESKPRO 386s Personal Computer has a l-megabyte enhanced-page memory 
standard. Using COMPAQ high-speed memory options, the memory may be increased to 
as much as 13 megabytes in various increments (2, 3, 4, 5, 6, 7, 9, 10, or 13 
megabytes) without using any of the four industry standard 8-/16-bit expansion 
slots. This flexibility allows the main memory of the COMPAQ DESKPRO 386s Personal 
Computer to change as your needs change. 


The memory expansion options are l- or 4-megabyte 16-MHz memory expansion boards, 
and l- or 4-megabyte memory modules. 


Expansion Bus 


The COMPAQ DESKPRO 386s Personal Computer provides four expansion slots for 
8-/16-bit Industry Standard Architecture (ISA) expansion boards. The expansion bus 
provides full compatibility with ISA hardware expansion products designed for 8-MHz 
80286-based personal computers. 
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Mass Storage 


The COMPAQ DESKPRO 386s Personal Computer mass storage devices have been designed 
to minimize the access time and maximize the storage capacity of the disk 
subsystem. Improved data storage capacities in a class of high-performance drives 
unequaled on previous personal computer products provide the disk storage required 
by many of the powerful applications available for personal computer products. 


A multifunction controller included on the system board supports the 
following devices: 


= One or two diskette drives: one 5.25-inch 1.2-megabyte is standard; a second 
diskette drive may be added and can be a 5.25-inch 360-Kbyte, 5.25-inch 
1.2-megabyte, or a 3.5-inch 1.44-megabyte drive 


# One or two 20-, 40- or 110-megabyte fixed disk drives 
= One 40- or 135-megabyte fixed disk drive backup (tape) 


The COMPAQ DESKPRO 386s 40-Megabyte Fixed Disk Drive Backup (tape) provides 

40 megabytes of storage capacity with a 1-megabyte per minute transfer and verify 
rate. The 40-megabyte tape backup has a data-transfer rate of 500 kilobits per 
second (KB/s) and incorporates error correction code (ECC) capabilities to ensure 
greater data integrity. The 40-megabyte tape backup uses the 3M DC2000 cartridge 
and does not require a separate controller board. 


The COMPAQ DESKPRO 386s 135-Megabyte Fixed Disk Drive Backup (tape) is the second 
type of tape backup system. It has a data-transfer-rate of 900 kilobits per second 
with a 5-megabyte per minute transfer and verify rate. The 135-megabyte tape 
backup system also incorporates error correction code capabilities and uses 

the 3M DC600 XTD cartridge. 


The optional 135-megabyte tape backup system, unlike the 40-megabyte tape backup 
system, uses the SY-TOS Tape Operating System developed by Sytron Corporation. The 
SY-TOS Operating System controls all operating functions for the 135-megabyte tape 
backup system and is shipped with the 135-megabyte tape backup. 
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Video Graphics System 


Because the high performance and extensive compatibility of the COMPAQ DESKPRO 386s 
Personal Computer make it the appropriate choice for a wide range of general 
business users, a Video Graphics Adapter (VGA) interface is included as a standard 
feature. Either a COMPAQ Video Graphics Color Monitor or a COMPAQ Video Graphics 
Monochrome Monitor can be used with the COMPAQ DESKPRO 386s Personal Computer with 
no additional hardware required. To maintain the high-performance requirements of 
the COMPAQ DESKPRO 386s Personal Computer, the BIOS code for the VGA is copied into 
16-bit RAM during the Start-up procedure to provide faster access. 


The COMPAQ Video Graphics Color Monitor is an enhanced RGB-type monitor that can be 
driven by the built-in Video Graphics Controller (VGC). When driven by this 
controller, the COMPAQ Video Graphics Color Monitor supports up to 256 colors from 
a palette of 262,144 colors. 


Standard Interfaces 


The COMPAQ DESKPRO 386s Personal Computer has five expansion slots. These include 
one COMPAQ-specific high-speed 16-Bit Memory Expansion Slot, and four full-sized 
8-/16-bit industry-standard architecture slots. 


Other standard interfaces include the following: 

=" One 25-pin parallel printer interface 

= One 9-pin asynchronous communications interface 

= One 6-pin keyboard interface 

= One 15-pin video graphics adapter monitor interface 


= One 6-pin auxiliary input (mouse) interface 
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Other Features 


The COMPAQ DESKPRO 386s Personal Computer also supports as standard equipment 
the following: 


= COMPAQ Enhanced Keyboard 
= 140-watt steady-state power supply 
= Security lock 


= Power-on and keyboard password security to further protect against unauthorized 
use of the computer 


Special MS-DOS Software 


For COMPAQ DESKPRO 386s Personal Computer systems running MS-DOS, the 

COMPAQ Expanded Memory Manager (CEMM) software combines the capability of the 80386 
Virtual mode with the memory-paging function. The special CEMM utility, which is 
specific to Compaq, extends the traditional MS-DOS 640 Kbyte limit up to 

8 megabytes using the Lotus/Intel/Microsoft (LIM) Expanded Memory Specification, 
Version 3.2. The COMPAQ DESKPRO 386s Personal Computer provides a standard 

256 Kbytes of expanded memory, and this amount can be increased to the LIM maximum 
of 8 megabytes by installation of additional memory modules. 


NOTE: Microsoft Operating System/2 as published by Compaq provides disk 
cache as a feature of the operating system. MS OS/2 supports up to 
16 megabytes of memory and therefore does not require CEMM. 


COMPAQ Disk Cache software retrieves data that is frequently used during an 
application from the fixed disk drive and stores it in memory. Disk caching 
decreases data access time in some application programs because the data is 
available in high-speed memory, reducing the number of disk-reads required. 
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S 
2.3 CONFIGURATIONS 
The COMPAQ DESKPRO 386s Personal Computer is available with three standard 
model configurations. 
Table 2-1 lists the various models and the features present with each one. 
Table 2-1. COMPAQ DESKPRO 386s Personal Computer Model Configurations 
Standard Features Model 1 Model 20 Model 40 
16-MHz 803865X Microprocessor X X X 
l-megabyte of enhanced page memory X X X 
COMPAQ Expanded Memory Manager (CEMM) X X X 
Virtual Disk (VDISK) X X X 
Disk Cache (CACHE) X X X 
One 5-1/4 inch 1.2-megabyte diskette drive X X X 
One fixed disk drive 
20-megabyte (1/3 height) X 
40-megabyte (1/3 height) X - 
Enhanced Keyboard X X X 


Built-in socket for 

16-MHz 8038/5X Coprocessor 
Real-Time Clock/Calendar 
140-Watt steady-state power supply 


Available expansion slots 
Password security 


>L [on |» |»« |» 
>L [cn |»« |»« |» 
>L [Con |» |»« |» 
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2.4 OPTIONS 


Numeric Coprocessor 
= 16-MHz 80387SX Coprocessor 


Memory 
m= j]-megabyte 16-megahertz memory expansion board 
= 4-megabyte 16-megahertz memory expansion board 
= 1-megabyte memory module 


= 4-megabyte memory module 


Additional Storage Devices 
m 360-Kbyte 5.25-inch diskette drive 
= 1.2-megabyte 5.25-inch diskette drive 
= 1.44-megabyte 3.5-inch diskette drive 
= 20-megabyte fixed disk drive 
= 40-megabyte fixed disk drive 
= 110-megabyte fixed disk drive 
= 40-megabyte fixed disk drive backup (tape) 
= 135-megabyte fixed disk drive backup (tape) 


—— — t (P —À—( E E AE rs 
COMPAQ DESKPRO 386s Personal Computer 


2-12 System Overview 


Interface 


= Asynchronous Communications/Parallel Printer Board 


Monitors 


The COMPAQ Video Graphics Color (VGC) Monitor features an analog high-quality color 
display with a VGA-compatible text resolution of 720 X 400 pixels and graphics 
resolution of up to 640 X 480 pixels. It includes a built-in tilt and swivel base 
and 6-foot cables to provide increased viewing comfort and convenience. The VGC 
monitor supports: 


= 640 pixel x 480 line VGA-compatible graphics resolution 

= 640 pixel x 350 line EGA-compatible graphics resolution 

= 320 pixel x 200 line CGA-compatible graphics resolution 

= 720 pixel x 400 line text resolution A 
= Up to 256 colors out of a 262,144 color palette 

The optional COMPAQ Video Graphics Monochrome Monitor features a page white 


display; and supports the built-in VGA resolution of 720 x 400 pixels for 
high-resolution text, and 640 x 480 pixels for graphics. 
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SPECIFICATIONS 


Table 2-2 lists the environmental specifications for a COMPAQ DESKPRO 386s 
Personal Computer. 


Table 2-2. COMPAQ DESKPRO 386s Personal Computer System Environmental 
specifications 


Air Operating 90°F to 104°F 
Temperature (10°C to 40°C) 
Nonoperating 90 F to 140°F 
(10°C to 60°C) 
Shipping -22°F to 140°F 
(-30°C to 60°C) 
G-Force Rating Operating 5 G for 11 ms 
Nonoperating 20 G for 11 ms 
Humidity Operating 20% to 80% (Noncondensing) 
Nonoperating 5% to 90%  (Noncondensing) 
Maximum Operating 10,000 ft (3000 m) 
Altitude Nonoperating 30,000 ft (9000 m) 
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CENTRAL PROCESSING UNIT 


3.1 INTRODUCTION 


This chapter describes the central processing unit (CPU) system on the system board 
of the COMPAQ DESKPRO 386s Personal Computer. The CPU system comprises the 

Intel 386SX* Microprocessor, the 16-Bit CPU bus, and the optional 

Intel 387SX* Coprocessor. 


This chapter contains the following information: 


Functional description (3.2) 
CPU operations (3.3) 

CPU bus (3.4) 

CPU speed control (3.5) 


Coprocessor (3.6) 


3.2 FUNCTIONAL 
DESCRIPTION 


Microprocessor 


The CPU of the COMPAQ DESKPRO 386s Personal Computer is the 16-MHz 80386SX 
microprocessor. This processor uses a 32-bit internal architecture, a 16-bit 
external data bus, and a 24-bit external address bus, providing the benefits of a 
32-bit processor. The 80386SX is totally compatible with software written for the 
8088/8086, the 80286, and the 80386. Much of the compatibility of the 80386SX 
depends on its modes of operation. 


*Hereafter referred to as 80386SX and 80387SX 
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Modes of Operation Sf 


The 80386SX allows software compatibility by providing the same operating modes as 
the 80286. The Real and Protected modes of the 80386SX are fully compatible with 
80286 instructions that use 8- and 16-bit operands. In addition, the 803865X 
extends register width as well as address and data paths to 32 bits. This improves 
performance on large integer calculations, data transfers, and large memory models. 
These additional functions are transparent to applications not taking advantage 

of them. 


Real Mode 


When power is applied or a reset operation occurs, the 80386SX enters the Real mode 

and provides all the capabilities and limitations of this mode, which is compatible 

with the 8086 and 80286. The Real mode allows only one megabyte of physical memory 

to be addressed and does not provide any memory protection features. Memory is 

addressed via the segment registers with the traditional 64-Kbyte limitation on 

segment size. The major distinction between the Real mode of the 80386SX and that I 
of the 80286 microprocessor is that 32-bit operands can be used with the extended 

instruction set of the 80386SX. This superset of the 80286 instruction set allows 

operations such as multiplication to use 32-bit register or memory operands. 


Protected Mode 


The Protected mode offers features compatible with the 80286 and fully supports the 
following 80286 features: memory protection, addressing via segment selectors, and 
16-bit instruction set. It also allows for improved functions unique to the 80386 
and beyond the capability of the 80286 larger segment sizes (that is, 4 gigabytes 
(GB) on the 80386 as compared with 64 Kbytes on the 80286), memory paging, I/O 
protection, the Virtual 8086 mode, and the Protected mode full 32-bit extended 
instruction set. These functions allow implementation of much more powerful 
software products. 
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Many of these applications, such as artificial intelligence expert systems, require 
a large linear address space and exceptional CPU performance to accommodate their 
size and complexity. 


Virtual Mode 


The 80386SX also offers the Virtual mode to provide significantly improved 
compatibility with and protection for concurrent execution of Real mode 
applications with future Protected mode operating systems. The Virtual mode allows 
applications written for the 8088, 8086, or 80286 Real mode to be executed within 
the privilege levels defined by the Protected mode. In contrast, the 80286 does 
not allow for security in Real mode applications, because the microprocessor must 
be in the Real mode to execute these applications. 


The Virtual mode, in combination with memory paging, allows the Real mode address 
space to be simulated anywhere in the physical address space of the 80386SX. In 
addition, the I/0 protection features permit the operating system to trap all or a 
selected set of I/O ports for device protection. 


The COMPAQ Expanded Memory Manager (CEMM) enables the innovative use of these 
features. CEMM is described in Chapter 8, "BIOS." 


3.3 CPU OPERATIONS 


The internal architecture of the 80386SX includes a prefetch mechanism, instruction 
pipelining, and a minimized number of CPU cycles required to execute complex 
instructions such as multiplication. The 80386SX is driven by a 32-MHz clock which 
is divided by the 80386SX to a 16-MHz clock. The internal and external cycles of 
the 803865X are measured relative to the 62.5-nanosecond (ns) period of the 

16-MHz clock. 


80386SX CPU status signals are described in Table 3-1. 
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Table 3-1. Description of Status Signals 

CPU Signal Name I/0 Description 

READY- (TRANSFER ACKNOWLEDGE) I This signal indicates when the current 
bus cycle is completed. The processor 
samples READY- on every bus cycle until it 
is active, indicating a completed cycle. 
The CPU normally remains in the 


not-ready state. 

HOLD (BUS HOLD REQUEST) ] HOLD is active, when a device other than 
the CPU has control of the bus. RESCPU 
always has a higher priority than HOLD. 
(HOLD is used for devices requesting 
access to the CPU bus.) 

HLDA (BUS HOLD ACKNOWLEDGE) 0 HLDA is active, when the CPU relinquishes 
control of the bus to another device. 
HLDA is driven only by the CPU; it is 
not bi-directional. 

RESET (SYSTEM RESET) I The RESCPU signal resets the 80386SX. 

The specific steps involved in the 
power-on sequence are described in the 
section entitled “Power-On System 
Initialization” in Chapter 4. 

ADS- (ADDRESS STATUS) 0 This output signal (when falling) 
indicates that a valid status and address 
has been put on the bus by the CPU and the 
system should begin (or complete) its 
cycle if it is selected. This line is 
always high during a HLDA cycle. 

M/IO (MEMORY or 1/0) 0 This signal characterizes the type of 
cycle in progress as either memory or 
I/O. Refer to Table 3-2 for the type of 
cycle indicated. 

D/C (DATA-CONTROL) 0 This signal characterizes the type of 
cycle in progress as either data or 
control. Refer to Table 3-2 for the type 
of cycle indicated. 


NOTE: Input (I) and output (0) designations are with respect to the CPU. 
(Continued) 


————————i— ————— m —A/————————————Jam——————————————————————————————————————————————————————————————————————————————————J—n 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 3-5 


Table 3-1. (Continued) 
CPU Signal Name I/0 Description 
W/R (WRITE-READ) 0 This signal characterizes the type of 


cycle in progress as either a read or 
write cycle. Refer to Table 3-2 for the 
type of cycle indicated. 

NA- (NEXT ADDRESS) I This input signal indicates to the CPU 
when the system board is finished with the 
address and status information. This 
indicates that the CPU may put the address 
and status for the next cycle on the bus. 

BHE- AO- (BLE-)(BYTE ENABLE) 0 These output signals are used by the CPU 
to indicate which of the 2 bytes of an 
8-bit access to use. A0- selects the 
least-significant byte. BHE- low selects 
the most-significant byte. 


PEREQ I The coprocessor uses PEREQ to request a 
memory access by the 80386SX. 
BUSY- (COPROCESSOR BUSY) I The coprocessor activates BUSY- to 


indicate to the 80386SX that an 
instruction execution is in progress. 


ERROR- I On power-up, ERROR checks for the presence 
of a coprocessor. 
LOCK- (not used) 


NOTE: Input (I) and output (0) designations are with respect to the CPU. 
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3.4 CPU BUS 


CPU bus refers collectively to the control, address, data, and status signals of 
the 80386SX microprocessor interface. 


The CPU bus is a nonmultiplexed address and data bus. When a cycle begins, the CPU 
places an address and some status signals on the bus. The status signals define 
the type of cycle that is to take place. These signals are used by the bus 
controller to interface with the 16-MHz memory expansion bus and the 8-/16-bit 
expansion bus. The 8-/16-bit expansion bus signals are fully compatible in 
function and timing with those provided by the 8-/16-bit bus in 8-MHz 

80286-based systems. Thus, the bus controller maintains compatibility with 
existing hardware expansion products designed for 80286-based systems. 


All memory accesses to the CPU bus are done on a 16-bit basis. The CPU uses 
signals BHE- and AQ- to indicate which of the two bytes in a 16-bit word are to be 


accessed. Table 3-2 shows how the signals correspond to the 2 bytes. 


Table 3-2. 8-/16-Bit Cycle Definitions 


BHE- A0- Definition 

0 0 Both bytes 

0 l High byte only 
l ' Low byte only 
l l Never occurs 
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These CPU signals are used by the expansion bus controller to generate the SAO and 
BHE- signals. These signals are compatible with the expansion bus used in 8-MHz 
80286-based products. 


Table 3-3 gives the bus cycle status definition for the BHLDA, M/IO, D/C, and W/R 
status signals. 


Table 3-3. Bus Cycle Status Definitions 


BHLDA M/IO D/C W/R Cycle Type 
0 0 0 0 CPU Interrupt Acknowledge 
0 0 0 1 Invalid Cycle Type 
0 0 l 0 CPU I/0 Read 
0 0 i 1 CPU I/0 Write 
0 1 0 0 CPU Memory Instruction Prefetch Read 
0 1 0 1 CPU Halt or Shutdown 
0 1 l v CPU Memory Data Read 
' l 1 l CPU Memory Data Write 
1 0 0 0 Invalid Cycle Type 
l 0 0 l Non-CPU Refresh Read 
l 0 1 0 Non-CPU Memory Write 
1 0 i i Non-CPU Memory Read (see note) 
l l 0 0 Invalid Cycle Type 
] l 0 ] Non-CPU Refresh Cycle 
1 ] ] 0 Non-CPU Cycle (see note) 


1 1 1 1 Non-CPU, No Cycle in Progress 
NOTE: This cycle can occur during the transition to and from memory write cycles. 


Bus Arbitration 


In the COMPAQ DESKPRO 386s Personal Computer, a number of functions require access 
to the system bus. These functions include RAM refresh, DMA operations, and bus 
master operations. Bus arbitration is required when two or more functions 
simultaneously request access to the bus. 
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A peripheral obtains access to the bus by asserting the HOLD signal. The HOLD 
signal tells the processor to release the bus for access by the peripheral. 


The HLDA signal from the processor indicates when the bus is available for use. 
During the HOLD state, the processor tristates its address and data signals. 


After a peripheral has been granted access to the bus, a second bus request will 
not be acknowledged until the first edge of the 8-MHz clock occurring after the 
first peripheral relinquishes the bus. 


3.5 CPU SPEED CONTROL 


The COMPAQ DESKPRO 386s Personal Computer implements an innovative feature that 
simulates system speeds less than 16 MHz. This feature has been implemented to 
provide compatibility with a small number of software products that contain 
programs dependent on certain system speeds. Typically, these programs contain 
timing idiosyncrasies associated with the diskette copy protection mechanisms. 
The processor speed can be slowed when the program accesses the diskette drive to 
allow for compatibility with these copy protection schemes. 


The CPU and system memory operate at 16 MHz. Access to the expansion bus and I/O 
devices always occurs at 8 MHz. The expansion bus and I/O accesses are not 
affected by simulated changes in CPU operating speed. 


This simulated speed control is also useful for adjusting the COMPAQ DESKPRO 386s 
Personal Computer to handle action software games written for 8088-based personal 
computers. Reduction of the COMPAQ DESKPRO 386s Personal Computer system speed to 
simulate the system speed of an 8088-based personal computer allows these games to 
be played at a realistic speed. Many games require the user to boot from the game 
diskette. The COMPAQ DESKPRO 386s Personal Computer accommodates this requirement 
by allowing the user to restart the system, using CTRL + [ALT + DEL], without 
affecting the selected system speed. The system remains at the selected speed 
until a new speed has been selected or a power-on reset occurs. 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 3-9 


The COMPAQ DESKPRO 386s Personal Computer system speed can be set to values that 
correspond to the equivalent speeds of an 8088-based personal computer and of 

6-MHz and the 8-MHz 80286-based products. These values can be entered with the 
Mode command (MODE SPEED = xx) from either MS-DOS or MS-0S/2 as published by Compaq 
Computer Corporation, or can be used with the "Set System Speed" BIOS function 
(CX=xx) to simulate the computing speed (that is, the processor/memory system 
speed) of other personal computer products. 


The range of speed values is from 1 to 50, where 50 approximates the full COMPAQ 
DESKPRO 386s Personal Computer speed. The command MODE SPEED = COMMON selects the 
6-MHz 80286-based product-equivalent speed; MODE SPEED = FAST selects the 8-MHz 
80286-based product-equivalent speed. 


MODE SPEED = AUTO is typically used for accessing a diskette drive at a slower 
speed because an application's software dictates it. In this mode, the CPU 
operates at 16 MHz except when accessing a diskette drive, at which point the speed 
slows to a simulated 8 MHz until the diskette drive motor shuts off; the speed then 
returns to 16 MHz. 


MODE SPEED = HIGH is typically used to provide maximum performance where an 
application is not speed sensitive. In this mode, the CPU operates at 16 MHz at 
all times, except for expansion bus and I/O operations. 


NOTE: In order to have the correct support for the 16-MHz CPU, use the version 
of MODE that comes on the USER PROGRAM diskette packaged with the COMPAQ 
DESKPRO 386s Personal Computer. 


simulated CPU speed control is achieved by including special hardware on the system 
board that uses extended refresh cycles to reduce the system bus bandwidth. 

Since the CPU is in a HOLD state during refresh cycles, the execution speed of 
programs is reduced as the length of the refresh cycles is increased. 


Table 3-4 lists some simulated system speed values. 
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Table 3-4. Simulated System Speed Values 


Decimal Hex 

Value Value 
8088-based personal computer 4 04h 
6-MHz 80286-based products 17 llh 
8-MHz 80286-based products 19 13h 
12-MHz 80286-based products 37 25h 


The 80286-based product equivalent speed values are listed for relative reference 
to other speed values. 


The decimal values in Table 3-4 are suitable for using directly with MODE command. 
To use the "Set System Speed" BIOS function, place speed values in the CX register 
using the hexadecimal equivalents. 


The lengthening of the refresh cycles, however, has been carefully implemented so 

as not to increase the DMA latency period that is otherwise present during refresh | 
cycles of a normal length. A DMA request (for access to the bus) that takes place 9 
during the extension of a refresh cycle is immediately granted access to the bus, 

since the CPU is already in a HOLD state. 


3.6 COPROCESSOR 


The COMPAQ DESKPRO 386s Personal Computer supports the addition of an optional 
8038/SX coprocessor. 


The coprocessor is a high-performance numeric processor extension that adds 
floating-point, extended integer, and BCD data-type support to the 803865X 
microprocessor. This coprocessor extends the performance of the 803863X, 
particularly in numeric-intensive applications such as engineering, CAD/CAM, 
and spreadsheet. 
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Characteristics 


The characteristics of the 80387SX are as follows: 


= Automatic execution--automatically executes all numeric instructions 
when received 


= 1/0 addresses--responds to particular I/0 addresses (8000F8h to 8000FFh) 
automatically generated by the 80386SX microprocessor 


= Exception handling--the coprocessor ERROR- signal is connected to IRQ13 
(INT 75h); INT 75h performs an EOI function to the interrupt controller and 
resets the coprocessor error condition by writing a 0 to the port at FOh 


= System compatibility--compatibility with exception handling for the 
(8087-coprocessor) exceptions is provided by an INT 02h (NMI) 


= Clearing the BUSY- signal--an output to port FOh clears the numeric coprocessor 
BUSY- signal 


= Switch (SW1) settings--system board switch position 2, which indicates whether 
or not a coprocessor is installed must be properly set 


NOTE: An improper switch setting can prevent the system from booting properly. 


The 80387SX works the same whether the 80386SX is executing in Real or Protected 
mode. Before returning to Real mode, the context of a Protected mode coprocessor 
application must be saved. The coprocessor, however, does not require resetting to 
return to Real mode. 


The 80387SX operates synchronously with the 80386SX at 16 MHz. Information 
exchange with the 80386SX is 16 bits wide. 


Initialization is achieved by a FINIT or FNINIT command. Because the 80387SX does 
not require a reset; the out Flh instruction does not affect the 80387SX. 


NOTE: For compatibility with future products, use a 80387SX-specific 
instruction to differentiate the type of coprocessor installed. 
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MEMORY AND MEMORY EXPANSION 


ww 4.1 INTRODUCTION 


This chapter describes the memory subsystem and memory expansion for the COMPAQ 
DESKPRO 386s Personal Computer. 


This chapter contains the following information: 
m Functional description (4.2) 

= Memory expansion bus (4.3) 

= 16-MHz memory expansion boards (4.4) 

= Power-on testing (4.5) 


= Performance (4.6) 


4.2 FUNCTIONAL 
DESCRIPTION 


The system board contains 1 megabyte of enhanced-page memory and switches that 
control the system memory configuration. This memory is mounted directly on the 
system board. Depending on the version of system board installed, the memory 
consists of either of the following: 


= Thirty-six 256K x 1 bit chips 
m Eight 256K x 4 bit chips and four 256K x 1 bit chips 
Figure 4-1 shows the memory chip arrangement using the 256K x 1 chips. Figure 4-2 


shows the memory chip arrangement using the 256K x 4 chips. Schematics for both 
versions of the system board are included in Appendix C, "Schematics." 


The settings and purpose of the system memory configuration switches are described 
in Appendix B, "Switches, Jumpers, and Connectors." 
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Memory Architecture 


The COMPAQ DESKPRO 386s Personal Computer memory subsystem has been specifically 
designed to complement the highly effective 16-bit prefetch mechanism of the 
80386SX processor. This subsystem has a paged memory architecture using 
enhanced-page RAM devices to minimize the number of wait states required during 
memory accesses. The enhanced-page RAM devices are particularly effective for this 
purpose, because they can operate at high speeds in the paged mode. 


Paged mode operations occur on the COMPAQ DESKPRO 386s Personal Computer memory 
subsystem by holding the row address of the enhanced-page RAM devices for 
consecutive memory accesses within the same physical page. That is, for 
consecutive memory operations within a page, the row address of the devices 

is kept constant while the column address is modified according to the location 

in that page to be accessed. The enhanced-page devices used in COMPAQ 

DESKPRO 386s Personal Computer are configured in a 9 x 9 matrix with 9 bits of row 
address information and 9 bits of column address information. This RAM 
configuration yields a page size of 512 bits (two to the ninth power) per device. 
Although the memory is accessed in 16-bit words, the memory is configured in 32-bit 
double-words; the effective page size for which the row address is constant is 

2 Kbytes (512 bits/device x 32 devices/per double-word) . 


For consecutive operations within a page, the enhanced-page RAM devices exhibit 
approximately a 50-ns access time. In non-paged operations where consecutive 
memory accesses are not within the same page, these devices typically operate with 
a 100-ns access time. Within these parameters, the COMPAQ DESKPRO 386s Personal 
Computer memory subsystem operates with 0 and 2 wait states during paged and 
non-paged memory accesses respectively. This approach complements the 803865x 
prefetch mechanism so that on the average the memory subsystem operates with less 
than 1 wait state per 16-bit memory access. 
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The internal prefetch unit of the 80386SX performs 16-bit prefetch operations from 
the memory subsystem. The purpose of the prefetch unit is to keep the prefetch 
queue as full as possible using CPU cycles that do not require bus activity. 
Typically, 80386SX instructions contain a number of cycles that are performed 
through the internal registers of the microprocessor and that do not require bus 
activity. Prefetch operations receive high-priority access to the bus, 
particularly after an instruction sequence that results in discarding the contents 
of the prefetch queue (for example, jumps and calls). Upon discarding the contents 
of the prefetch queue, the 80386SX quickly refills the queue, typically during the 
execution of the first instruction after the queue contents are discarded. 


Refilling the queue causes a number of consecutive prefetches of sequential 
instructions to occur immediately after the instruction being executed. The 
consecutive prefetches and the sequential nature of the instructions allow the 
memory subsystem to operate within a physical memory page (2 Kbytes) and result 

in Q-wait-state memory accesses. In this mode, a 16-bit word is prefetched by the 
80386SX in 125 nanoseconds. 


On the average, approximately 60 percent of the memory accesses in COMPAQ 

DESKPRO 386s Personal Computer occur in paged mode; the exact percentage depends on 
the type of application being executed. At this rate, the memory averages 0.8 wait 
States per memory access. In certain applications using a localized set of 
instructions (for example, those involving graphics drivers), the average number of 
wait states per memory access approaches 0. 


Memory Configuration 


The system memory is configured in a 36-bit-wide arrangement (accessed in two 
18-bit memory access operations) consisting of 32 bits of data and 4 bits of 
parity. Each parity bit is directly associated with one of the 4 bytes in the 
32-bit double-word (dword). This arrangement yields a memory bank size of 
256K double-words, or 1 megabyte. 
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The COMPAQ DESKPRO 386s Personal Computer Memory Subsystem takes maximum advantage 
of the 1 megabyte of system memory. In the standard COMPAQ DESKPRO 386s Personal 
Computer product, the 1 megabyte of memory is typically configured with 640 Kbytes 
of base memory and 384 Kbytes of memory addressed at the high end of the 
16-megabyte address space. The 640 Kbytes of base memory can execute existing 
MS-DOS applications developed for 80286-based products. The uses for the 

384 Kbytes of additional memory are described in Chapter 8, "BIOS." 


The first 1 megabyte of RAM in the system is mapped into various areas of the 
system memory map. The most common configuration has the first 640 Kbytes as the 
base memory. The base memory size is configured on the memory board to 256 Kbytes, 
512 Kbytes, or 640 Kbytes. When the base memory size is reduced, the RAM normally 
assigned to the base memory is mapped into the COMPAQ Built-in User Memory space. 
The next 256 Kbytes are used by the COMPAQ Expanded Memory Management (CEMM) 
program and VDISK. The last 128 Kbytes are reserved for system use. 


Figure 4-1 shows the 32-bit arrangement using 256K x 1 enhanced-page memory. 
Figure 4-2 shows the 256K x 4 enhanced-page memory. 
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Figure 4-1. Memory Arrangement of the System Board Memory Using 256K x 1 RAMs 
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Figure 4-2. Memory Arrangement of the System Board Memory Using 256K x 4 RAMs 
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Figure 4-3 shows the 640-Kbyte base memory configuration of the COMPAQ 
DESKPRO 386s Personal Computer. 
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Figure 4-3. Memory Map of 640-Kbyte Base Memory 
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By using switches on the system board, the user can reduce the amount of base 
memory enabled in the system board memory. Reducing the amount of base memory may 
be desirable, for example, for execution of certain applications that specifically 
require a 512-Kbyte base memory configuration. Base memory can be configured to 
either 256, 512, or 640 Kbytes. As base memory segments are disabled, the 
equivalent amount of memory is automatically added to the additional COMPAQ 
Built-in User Memory at the high end of the address space. For example, a COMPAQ 
DESKPRO 386s Personal Computer system whose base memory has been configured for 
512 Kbytes contains 512 Kbytes (384 Kbyte + 128 Kbyte) of COMPAQ Built-in User 
Memory. Figure 4-4 shows the memory configuration for a system having 

512 Kbytes of base memory. 


When base memory is configured for 256 Kbytes, there are 768 Kbytes 
(512 Kbyte + 256 Kbyte) of COMPAQ Built-in User Memory, as shown in Figure 4-5. 
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Figure 4-4. Memory Map of 512-Kbyte Base Memory 
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Figure 4-5. Memory Map of 256-Kbyte Base Memory 
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ROM Mlapping 


The COMPAQ DESKPRO 386s Personal Computer Memory System has a number of special 
features to optimize the use of the memory available beyond the base memory to 
improve system performance. Of the 384 Kbytes of additional memory available in 
the system memory configuration, the last 128 Kbytes contain a number of special 
addressing features. This 128-Kbyte block, starting at address FE0000, can be 
relocated (mapped) via special hardware map registers to replace the 128-Kbyte area 
normally assigned to the system ROMs (0E0000 to OFFFFF). When mapped, the 
128-Kbyte RAM block normally located at FE0000 can be addressed at either FE0000 or 
0E0000. The ROM devices are not accessible while the RAM is mapped to the address 
space normally occupied by the ROMs. 


In addition to its relocation capability, the 128-Kbyte block of RAM beginning 

at address FEO000h can be write-protected by special hardware registers on the 
system memory board and is reserved for system use. The relocation and 
write-protection capabilities combine to allow the system ROM to be replaced with 
high-speed RAM having the same contents. This 128 Kbytes of RAM is reserved for 
system use. This substitution significantly improves system performance during 
execution of the BIOS that normally resides in ROM. The performance increase 
results from the faster access time of the enhanced-page RAM devices in comparison 
with the 250-ns ROM devices. When the COMPAQ Video Graphics Controller that 
resides on the DESKPRO 386s system board is enabled, its 32-Kbyte ROM is also 
copied to the 128-Kbyte RAM area. 
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Memory Control Registers 


The system memory has two memory-mapped registers: one is used in relocating 

RAM memory, the other for RAM diagnostics. Chapter 8, "BIOS," includes a section 
entitled "Programming Examples" that provides routines for accessing 

these registers. 


In order to ensure compatibility with future COMPAQ products, access to these 
registers (reading to or writing from) must be done via the Block Move ROM-BIOS 
software interrupt (INT 15h, AH = 87h). The Block Move function in the BIOS 
recognizes access to the special 80C00000h location and takes the appropriate 
action to access the system registers to perform the equivalent function in future 
COMPAQ products. 
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In the DESKPRO 386s, the memory control registers are physically located at I/O 
address 8/8h; these registers may be accessed directly at I/O address 878h and 87Ch 
if the NMI is disabled. It is possible to get a parity error just by reading these 
registers. Therefore, the registers should always be read with the NMI disabled. 


The following code demonstrates the proper method of accessing the registers 
through the I/O addresses; however, the recommended method of access is with a 
block move at addresses 80C00000h and 80C00004h. 


;routine to read ports 87/8h and 87Ch 


pushf ;save flags 

cli ;clear interrupts 

push ax ,save registers that will be changed 
push dx 

in al,61h ;get status of NMI-IOCHK (bit 3) 

mov ah,al ;save status in ah 

Or al,08h ;disable IOCHK and NMI 

out 6lh,al 


;now you may freely access the 878h and 87Ch registers 


mov al,ah ;put the old value of NMI-IOCHK back in al 
out 6lh,al ;restore NMI-IOCHK 

pop dx ;restore dx 

pop ax ;restore ax 

popf ;restore flags 
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RAM Relocation 


The address and contents of the special memory-mapped hardware register used in 
relocation of the RAM are shown in the following bit map. This register is a 
write-only register; it cannot be read. 


RAM Relocation 
Memory-Mapped Address 80C00000h (I/O 878h rite Onl 


BIT 
76543210 
L— 0 = Relocate 128-Kbyte block at FE0000h to address 0E0000h 
1 = 128-Kbyte RAM is addressed only at FE0000h 
0 = Write-protect RAM at FEOO000h 
1 = Do not write-protect the 128-Kbyte RAM at FEO000h 


(Reserved - always write 111111) 


RAM Diagnostics 


Two RAM diagnostics registers help during tests of the memory subsystems. The 
first register (80C00000h (1/0 878hj) also contain the status of the parity bits 
for each of the four memory banks. RAM tests are performed by reading and writing 
16-bit data patterns. When a parity error is detected, a diagnostics program uses 
this RAM Diagnostics register to determine which byte in the 16-bit word caused 
the error. 


The second RAM diagnostic register (80C00004h (1/0 87Ch)) contains the status of 
the RAS- strobes to each of the four memory banks. When a parity error occurs, 
this information is latched and held until a write to the RAM relocation register 
is performed. When the parity error is detected, a diagnostics program uses both 
the diagnostic registers to determine which byte (from which bank) in the 16-bit 
word caused the error. The use of these registers permits the isolation of the 
parity error down to the memory device level. 


The address and contents of the memory-mapped diagnostics registers are shown in Ó 
the following bit maps. These registers are read-only registers. Writing to these 
registers affects the contents of the RAM Relocation register. 
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RAM Diagnostics 
Memory-Mapped Address 80C00000h (I/O 878h) (Read Onl 


BIT 
76543210 


L_ 9 = parity error in byte 0 
0 = parity error in byte 1 


0 = parity error in byte 2 


0 = parity error in byte 3 


Base Memory Setting 


00 = 640 Kbytes 
01 = Invalid 

10 = 512 Kbytes 
11 = 256 Kbytes 


00 = these bits may contain any value except 01 
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RAM Diagnostics 
Memory-Mapped Address 80C00004h (I/O 87Ch) 


BIT 
76543210 


(Reserved) 


Memory switch configuration 


0000 = 1 megabyte 

0001 = 2 megabytes 
0010 = 3 megabytes 
0011 = 4 megabytes 
0100 = 7 megabytes 
0110 = 6 megabytes 
0111 = 10 megabytes 
1001 = 5 megabytes 
1010 = 9 megabytes 
1011 = 13 megabytes 


RAM Refresh Operations 


Normal (non-extended) RAM refresh is designed to perform a memory-read cycle on 
each of the 256 addresses in the memory space addressed by SAO to SA7. Refresh 
operations are used to refresh memory on the 16-MHz memory expansion bus and the 
8-/16-bit expansion bus. In order to simplify the design of 8-/16-bit memory 
expansion boards, SA8 and SA9 are driven to the signal states of SAO and SAI, 
respectively. SA10 and SA11 have two additional counter bits allocated for future 
RAM refresh requirements. The remaining addresses are in an undefined state during 
the refresh cycle. The refresh operations are driven by a 69.799-kilohertz (kHz) 
clock rate generated by programmable Time Counter 1 of 8254 number 1. The refresh 
rate is 128 refresh cycles in 2.038 ms. 
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4.3 MEMORY EXPANSION 
BUS 


The 16-MHz memory expansion bus is intended for use by the 1- or 4-megabyte memory 
expansion board. It is not a general-purpose industry-standard 16-bit bus. These 
expansion boards are designed to take advantage of the speed and bus pipelining 
features of the 80386SX. With the CPU operating at 16 MHz and each 16-bit 
operation using two cycles, the memory system is required to perform a full memory 
cycle in 125 ns. Generally, the memory system interfacing with this bus should 
take advantage of the bus pipelining. Bus pipelining produces a gain of one clock 
cycle, which allows the microprocessor to perform address decoding while executing 
the previous bus cycle. 


The memory expansion bus is implemented by an 80-pin connector on the system board. 
A second power/ground connector is also provided to improve power distribution to 
the large memory subsystem. The address and status signals on the memory expansion 
bus are the same as those used by the on-board memory. 


Note that the signals on the memory expansion bus are limited to those associated 
with memory cycles. No I/0-related signals exist on the memory expansion bus. For 
the connector pinout refer to Appendix B, "Switches, Jumpers, and Connectors." 
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Table 4-1 describes each of the signals on the memory expansion bus. f 


Table 4-1. 16-Bit Memory Expansion Bus Signals 
Signal Name I/0 Description 


PDO I/O These bidirectional signals are the 8 bits of the CPU data bus 
PD1 selected at an address that ends in 0 (binary). They should be 
PD2 used for the transfer of memory data when the 16-bit bus is 

PD3 selected. These lines should be driven during 16-bit read 

PD4 cycles when qualified by the A0 signal going low. At other 

PD5 times this bus should not be driven. During a write cycle, 

PD6 the data on these lines is valid only when MWE- is active. The 
PD7 bus should have a maximum 1.0-mA load in the low state and 


0.4-mA load in the high state when driven by the system board 
and a maximum capacitive loading of 40 picofarads (pF). The 
16-megahertz expansion memory board must be able to drive 

120 pF, sink 4.0 mA and source 1.0 mA when driving these lines. 


PD8 I/O These bidirectional signals are the 8 bits of the CPU data bus 

PD9 selected at an address that ends in 1 (binary). These lines are 

PD10 qualified by BHE- being low. The electrical parameters are the 

PD11 same as those for PDO through PD/. 

PD12 

PD13 

PD14 

PD15 

MDO I/O These bidirectional signals are the 8 bits of the I/O memory 

MD1 data bus, bank 0 and bank 1. MDO through MD7 are the buffered 

MD2 equivalent of the PDO through PD7 signals. 

MD3 

MD4 

MD5 

MD6 

MD7 

MD8 I/O These bidirectional signals are the 8 bits of the I/O memory 

MD9 data bus, bank 0 and bank 1. MD8 through M15 are the buffered 

MD10 equivalent of the PD8 through PD15 signals. 

MD11 

MD12 

MD13 

MD14 

MD15 

PL I/O These bidirectional signals show the low byte parity. 

PH I/O These bidirectional signals show the high byte parity. g 
(Continued) 
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Table 4-1. (Continued) 
Signal Name I/O Description 


MAO O These bidirectional signals show the high byte parity. 
These output signals are multiplexed address lines for the DRAM. 
MA1 They should not be used un-buffered. MA9 is used only for one 
MA2 megabit DRAM. 
MA3 
MA4 
MA5 
MA6 
MA7 
MA8 
MA9 —— P——— 
GND -- These lines are connected to the system DC ground. The maximum 
current allowed on any single contact is 1.5 amperes (A). 
*5 VDC -- These lines are connected to the system power supply for 


5 volts (V). In addition to the maximum power available from 
the supply, the maximum current allowed on any single contact 
is 1.5 A. 

BADRAM- I This line, when driven low, cause an immediate parity error 


to the system. This should only be used to indicate a board 
that can not function in this system. Use ERRO- and ERR1- for 


normal parity problems. 
MRD- 0 This signal indicates a memory read is taking place when low. 
MWE- 0 This signal indicates a memory write is taking place when low. 
OENB- 0 This signal enables the data buffers banks 2 and 3. 
ERRO- I This signal, when low, indicates a parity error on the low byte 
of data has occurred. 
ERR1- I This signal, when low, indicates a parity error on the high byte 
of data has occurred. 
RS3- 0 These signals indicate whether accessing bank 1, 2, or 3. Use 
RS2- as Row Address strobes. 
RS1- 


CS- <3:0> 0 These signals are the DRAM column strobes. 
CS0- for address ending in 00 (binary) 
CS1- for address ending in 01 (binary) 
CS2- for address ending in 10 (binary) 
CS3- for address ending in 11 (binary) 
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In order to provide maximum flexibility to the memory subsystem, the 16-MHz memory 
expansion bus has operational priority over the 8-/16-bit expansion bus. Memory 
cycles relevant to the memory subsystem connected to the 16-MHz bus do not appear 
on the 8-/16-bit bus. This is determined by the system memory switches. See 
Appendix B, "Switches, Jumpers, and Connectors." In the case of cycles other than 
memory cycles, the bus controller presents the entire cycle in a form compatible to 
the 8-/16-bit expansion bus. 


The bus controller uses the CPU bus pipelining to present to the bus the address of 
the next cycle while completing the final cycle of the previous operation. Because 
the system board does not know whether the next cycle is to be directed to the 
16-MHz or 8-/16-bit bus, it always starts the CPU pipelining with the NA- signal. 
The NA- signal is derived by the bus controller or by the memory controller. See 
Table 4-2 for cycle times. 


Table 4-2. Memory Expansion Bus Timing Requirements 


Time 
Cycle (In ns) 
From status inactive setup to BHLDA high 7.76 
From status inactive hold to BHLDA low 54 
Refresh cycle time (M/IO low) min 250 

max 268 
Refresh address setup to M/IO low 83 
Refresh address hold after M/IO high -4.41 
Data valid after M/IO low during BHLDA high write cycle -58 
Required data access time from M/IO during BHLDA high read cycles 174 
Minimum cycle time (M/IO low) during BHLDA high 250 
Minimum total cycle time (M/IO low to M/IO high) during BHLDA high 375 
Required MRDY- setup to CLK32 during CPU cycle 26.6 
Required MRDY- hold from CLK32 during CPU cycle 1 
Required NAM- set-up to CLK32 during CPU cycle 16.6 
Required NAM- hold from CLK32 during CPU cycle 17 


NOTE: Refer to Intel 803865X specification for additional timing information. 
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4.4 16-MHZ MEMORY 
EXPANSION BOARDS 


The 1-megabyte 16-MHz memory expansion board uses 256K x 1 enhanced-page RAM 
devices soldered on to the board. Enhanced-page 16-bit RAM can be added to this 
expansion board using 1-megabyte or 4-megabyte memory modules (piggy back boards). 


The 4-megabyte 16-MHz memory expansion board uses l-megabyte x 1-bit enhanced-page 
RAM devices. More memory can be added to this expansion board using 
4-megabyte x l-bit enhanced-page memory modules. 


Figure 4-6 shows the component-side layout of the 1-megabyte or 4-megabyte 16-MHz 
memory expansion board. 
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Figure 4-6. Component-Side Layout of the 1-Megabyte or 4-Megabyte 16-MHz Memory 
Expansion Board «9 


NOTE: Each chip is notched on the left to indicate pin 1. 
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Figure 4-7 identifies the locations of bytes and bits for the l-megabyte and the 
4-megabyte 16-bit memory modules. 
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Figure 4-7. Locations of Bytes and Bits on the 1-Megabyte and 4-Megabyte 
16-Bit Memory Modules 
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Memory must be added beginning with the system board in the order given in 


Figure 4-8. 


1-Megabyte 16-MHz 
Memory 
Expansion Board 
Total Memory: 
2 Megabytes 


ADD 
EITHER 


1-Megabyte 

Memory Module 
Total Memory: 

3 Megabytes 


ADD 
EITHER 


1-Megabyte 4-Megabyte 
Memory Module Memory Module 
Total Memory: Total Memory: 


4 Megabytes 7 Megabytes 


Figure 4-8. 


Memory Module 


Memory Module 


System Board 
Standard Memory: 
1 Megabyte 
Total Memory: 
| Megabyte 


ADD 
EITHER 


4-Megabyte 


Total Memory: 
6 Megabytes 


4-Megabyte 


Total Memory: 
10 Megabytes 


4-Megabyte 16-M 
Memory 


2 


Expansion Board 
Total Memory: 
o Megabytes 


4-Megabyte 

Memory Module 
Total Memory: 

9 Megabytes 


4-Megabyte 

Memory Module 
Total Memory: 

13 Megabytes 


Paths for Memory Expansion to 13 Megabytes of Total Memory 
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Memory Configuration 
Switches 


The switches for memory configuration are located on the system board, not on 
the memory expansion boards. Refer to Appendix B, "Switches, Jumpers, and 
Connectors," for the locations of the switches and their settings. 


4.5 POWER-ON TESTING 


Because a stable memory system is vital to system operation, the RAM is tested 
early in the power-on self-test cycle. A serious error in memory can become a 
fatal error for the system. The RAM test uses 32-bit instructions to increase the 
speed of the memory test. For specific power-on sequences, refer to 

Chapter 8, "BIOS." 


Any parity error shows up as an 1/0 check (Parity Check 2), with a testable bit 
(bit <6>) on port 61h indicating the error. The system board uses special 
circuitry to test the RAM rapidly. For descriptions of the error messages that 
appear for memory errors at power-on and during advanced diagnostics, refer to 
Appendix A, "Error Messages and Codes." 


Memory error codes are in the format XX000Y ZZ. Table 4-4 lists the memory error 
code XX values for the various configurations. 


Table 4-4. XX Values 


Base COMPAQ Built-in XX Values for COMPAQ 
Memory Size User Memory Size Built-in User Memory 
256 KB 640 KB F4 to FD 
(256 KB + 384 KB) 
512 KB 384 KB F8 to FD 
(256 KB + 128 KB) 
640 KB 256 KB FA to FD (Factory Setting) 
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For assistance in interpreting memory error codes, the memory error code format J 
XX000Y ZZ is described as follows: 


XXOOOY ZZ 
LL Specifies which bits within a byte are bad 

00 = parity bit 
0l = data bit <0> 
02 = data bit <1> 
04 = data bit «2» 
08 = data bit «3» 
10 = data bit «4» 
20 = data bit «5» 
40 = data bit «6» 
80 = data bit </> 

Specifies which bytes within a particular megabyte are bad 
00 = byte 0 
01 = byte 1 
02 = byte 2 
03 = byte 3 

00 = Always 


Ignore for diagnostics; this value, combined with the value 
for X below forms a 64-Kbyte segment value. Combined values range 
from 00h to FFh. 


This value specifies the l-megabyte segment in which an error is 
detected. This value ranges from Oh to Fh, where Fh equals 
16 megabytes. 
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The ZZ value is in a nibble format, which means that the left digit and the right 
digit are logically separate--each digit represents the state of 4 bits of the 
byte. When more than one bit is bad, each digit represents the sum of the values 
from the bad chips. Table 4-5 shows some sample ZZ values. 


Table 4-5. Memory Error Code Definitions for Bits 


ZZ(Hex) Definition 

11 Data bits «4» and «0» 

AE Data bits </>, «5», «3», «2», and «1» 
FF All data bits are bad 


Under certain circumstances an error code of all zeros occurs. An all-zero code 
means that multiple errors were found. Conditions causing this error code might 
include improper seating of several chips or a loose expansion board connector. 


Examples of Interpreting a 
Memory Error Code 


Example 1: 


Assume that on power-on, the following error message code occurs: 


100001 00 201 


Interpret 201 as a memory-related error 


Interpret the code in the format XX000Y ZZ: 


X = 1 (megabyte 1); OY = 01 (byte 1); ZZ = 00 (parity bit) 


With reference to Figure 4-1 or Figure 4-2, the defective chip is identified as 
the parity bit in byte 1 of megabyte 1 
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Example 2: 
Assume that on power-on, the following error code occurs: 


300003 02 201 
= Interpret the code in the format XX000Y ZZ: 


X = 3 (megabyte 3); OY = 03 (byte 3); ZZ = 02 (data bit <l>) 


= As megabyte 3 is on a memory expansion board or module, refer to Figure 4-6 
or Figure 4-7 depending on the configuration 


= The defective chip is identified as data bit «1» in byte 3 of megabyte 3 


4.6 PERFORMANCE 


The memory of the COMPAQ DESKPRO 386s Personal Computer has been optimized for 
double-word (dword-32 bits) fetching. This optimization reflects the 32-bit 
internal path and 16 bit external path of the 803865X and the paged nature of 
the RAM. 


16-MHz Memory Timing 


Figure 4-9 shows three CPU cycles for a O-wait-state 16-MHz memory operation. The 
first of the three CPU cycles is shared with the last cycle of the previous CPU 
operation. Thus the 0-wait-state operation takes effectively two CPU cycles to 
complete. During the first CPU cycle, the processor asserts the address and status 
signals for the 16-MHz memory operation to begin. 


A memory access within the current 2-Kbyte page (0-wait state) requires two CPU 
cycles, 125 ns (16 MHz = 62.5 ns/cycle; two cycles [62.5 ns/cycle] = 125-ns 
access time). 


A memory access outside the current 2-Kbyte page requires four CPU cycles, 250 ns 
(four cycles [62.5 ns/cycle] = 250-ns access time). 
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The average access time depends on the number of cycles executed at 0 and 2 
wait-states. Because typically 60 percent of CPU memory cycles to 16-bit memory 
are executed with O-wait-states, the COMPAQ DESKPRO 386s Personal Computer provides 
an average memory access time of approximately 162.5 ns when using 16-bit memory. 
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Figure 4-9. Typical Memory Timing For 16-MHz Memory 
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Expansion Bus Timing 


Because any expansion bus memory by its very nature must be accessed across the 
expansion bus, access time is limited by the number of CPU cycles required to 
access the bus. A typical word access on the 16-bit bus takes eight 16-MHz 8038065X 
cycles or 0.5 microseconds compared to 0.125 microseconds for a page-hit memory 
cycle. Performance gains using COMPAQ memory versus 16-MHz expansion bus memory 
are as high as 400 percent. Performance gains using COMPAQ memory versus 8-bit 
expansion bus memory approach 1400 percent. 
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EXPANSION BUS 


5.1 


5.2 


INTRODUCTION 


This chapter describes the 8-/16-bit expansion bus on the system board. It 
provides the following information about the expansion bus: 


= Functional description (5.2) 
= Expansion bus signals (5.3) 
= Expansion bus cycles (5.4) 


= Expansion bus timing (5.5) 


FUNCTIONAL 
DESCRIPTION 


The 8-/16-bit expansion bus provides an interface fully compatible with I/O and 
memory expansion boards designed for existing 8-megahertz (MHz) 80286-based 
systems. This bus, however, is intended primarily for use by I/0 devices. Access 
to memory via the 8-MHz bus severely degrades COMPAQ DESKPRO 386s system 
performance for data or programs loaded in the 8-MHz memory. The bus controller on 
the system board is responsible for monitoring CPU signals. The bus controller 
decodes and translates the bus cycles to match, in function and timing, the 
8-/16-bit bus of 8-MHz 80286-based systems. The bus controller uses the signals 
from the CPU to generate the 8-/16-bit expansion bus signals. Refer to 


Appendix B, Switches, Jumpers, and Connectors,” for the pinouts for the expansion 
bus connector. 
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5.3 EXPANSION BUS 
SIGNALS 


Table 5-1 lists the 8-/16-bit expansion bus signals and provides a description 
of each. 


Table 5-1. 8-/16-Bit Expansion Bus Signals 


Signal Name Description 
IOCHK- This input signal is used to notify the CPU about parity or other 


serious errors on expansion memory boards plugged into the 
expansion bus. This signal should be driven low by an 
open-collector output capable of sinking 20 mA when an 


uncorrectable system error occurs. 


SDO These bidirectional signals are the low 8 bits of the system data 
SD1 bus. They should be used exclusively by all 8-bit devices to 

SD2 transfer data. 16-bit devices should use these lines to 

SD3 transfer the low byte of a data word when the address line 

SD4 AO is low. These signals can be driven by an expansion board 

SD5 acting as a bus master. 

SD6 

SD7 

SD8 These bidirectional signals are the high 8 bits of the system data 
SD9 bus. 16-bit devices should use these lines to transfer 

SD10 the high half of a data word when the line SBHE- is low. They can 
SD11 be driven by an expansion bus board acting as a bus master. 

SD12 

$D13 

SD14 

SD15 

BUSRDY This input signal lengthens a bus cycle s standard time 


when an expansion board cannot respond quickly enough. It should 
be pulled low by an open-collector device as soon as a 
slow-addressed device is selected and held low until the device 
has responded. Bus cycles are lengthened by an integral number of 
(BCLK) cycles. This line should not be held low for more than 

2.5 ns. This line should be driven by an open-collector 


device capable of sinking 20 mA. 
(Continued) 
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(Continued) 


Signal Name 


AEN 


NOTE: 


Description 


When inactive (low), this output signal indicates that the CPU or 
another bus master has control of the bus. When active, the DMA 
controller has control of the bus. This signal is often used to 
disable devices that must not respond during a DMA cycle. For 
example, simple I/O ports should not respond during DMA and should 
therefore include this signal in their decode. 

These bidirectional signals address memory or I/0 devices within 
the system. They form the low-order 20 bits of the 24-bit address 
bits that the system offers. These lines are enabled onto the bus 
while BALE is high and are latched when BALE goes from high to 
low. These signals can be driven by an expansion bus board acting 
as a bus master. 


This output signal resets the hardware during power-on or 
ower failure. 

These input signals interrupt the CPU to request some service. 
The interrupt is recognized when a line goes from low to high 
and remains high until the appropriate interrupt service 
routine is executed. 


IRQ3 and IRQ4 are used by the communication ports. 

IRQ6 is used by the diskette controller. 

IRQ7 is used on the system board by the printer. 

IRQ12 is used by the built-in auxiliary input (pointing device). 
Any of these features can be disabled. See Appendix B, "Switches, 
Jumpers, and Connectors". 


(Continued) 
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Table 5-1 (Continued) 


Signal Name Description 
DRQO These input signals (DMA ReQuest) are used to request a DMA 
DRQ1 service from the DMA subsystem or to gain control of the system 
DRQ2 bus from the CPU. The request is made when a line goes from 
DRQ3 low to high and remains high until the appropriate DAKx 
-- (DMA AcKnowledge) line goes active. 
DRQ5 
DRQE NOTE: DRQ2- is used by the on-board diskette drive controller. 
DRQ7 The diskette drive can be disabled. 
NOWS- This input signal (No Wait State) informs the system that standard 


wait states can be deleted for cycles when this signal is made 
active. The line must be pulled low before the falling edge of 
BCLK in order to be recognized. It should be driven by an 
open-collector device capable of sinking 20 mA. 

SMWTC- This output signal (Standard Memory Write) is active (low) only 
when an address from 000000h to OFFFFFh is decoded. This signal 
is derived from MWIC-. 

SMRDC- This output signal (Standard Memory Read) is active (low) only 
when an address from 000000h to OFFFFFh is decoded. This signal 
is derived from MRDC-. 

JOWC- This output signal (1/0 Write) indicates (when low) when an I/O 
device is to accept the data from the data bus. It can be driven 
by an expansion bus adapter acting as a bus master. 

IORC- This output signal (I/O Read) indicates (when low) when an I/O 
device is to send data to the data bus. It can be driven by an 


expansion bus board acting as a bus master. 


DAKO- These output signals (DMA AcKnowledge) indicate that a request for 
DAKI- a DMA service from the DMA subsystem has been recognized. The 
DAK2- acknowledge is indicated by a low on one of these lines. One of 
DAK3- these lines should be used to decode the DMA device with the 

im IORC- or IOWC- line to indicate selection. If used to signal 
DAK5- acceptance of a bus master request, this signal indicates when 
DAK6- it is legal to pull GRAB- low. 
DAK7- 


NOTE: DAK2- is used by the on-board diskette drive controller. 
The diskette drive can be disabled. 

REFRESH- When low, this output signal indicates that a refresh cycle is in 
progress. It should be used to enable the SAO through SA/ address 
lines to the row address inputs of all banks of dynamic memory so 
that when the MRDC goes active the entire system memory is 
refreshed at one time. It can be driven by an expansion bus board 
acting as a bus master. 


(Continued) 
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Table 5-1 (Continued) 


Signal Name Description 
BCLK This output signal allows synchronization with the main processor 


clock. Its frequency is approximately 8 MHz, with a duty cycle of 
90 percent. 


T/C When high, this output signal indicates that the terminal count of 
a DMA operation has been reached. It should be decoded with the 


appropriate DAKx line for proper operation. 


BALE When high, this output signal indicates that a valid address is 
present on the LAxx address lines. The LAxx address lines or any 
decodes developed from them should be latched at the falling edge 
of BALE. This line is always high when a DMA or bus master 


operation 1s occurring. 


OSC This output signal is a clock for use in timing applications. 
Its frequency is 14.31818 MHz, with a duty cycle of approximately 
50 percent. 

SBHE- When low, this output signal (System Bus High Enable) indicates 


that the high half of the SDx data bus should transfer the data on 
boards that support the full 16-bit data bus. It can be driven by 
an expansion bus board acting as a bus master. 


LA17 These output signals (Latchable Address) decode memory which must 
LA18 respond with 0 or 1 wait state. They are guaranteed to be valid 
LA19 only when BALE is high. They can be driven by an expansion bus 
LA20 board acting as a bus master. 

LA21 

LA22 

LA23 

MRDC- When low, this output signal (Memory Read) indicates that a memory 


device is to send data to the data bus. This signal is active 
over the entire address space of the system. It may be driven by 


an expansion bus board acting as a bus master. 


MWTC- When low, this output signal (Memory Write) indicates that a 
memory device is to accept the data from the data bus. This 
signal is active over the entire address space of the system. It 


may be driven by an expansion bus board acting as a bus master. 
M16- This input signal (Memory is 16-bit) notifies the system that the 


addressed memory is capable of transferring 16 bits of data at 
once. When this line is made active during a memory read or 
write, the standard, a l-wait-state memory cycle is run. This 
line should be derived from the LAxx address lines. It should be 


driven low by an open-collector device capable of sinking 20 mA. 


(Continued) 
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Table 5-1 (Continued) 
Signal Name Description 


1016- This input signal (I/0 is 16-bit) signals the system that the 
addressed I/0 device is capable of transferring 16 bits of data at 
once. When this line is made active during an I/O read or write, 
the standard, a l-wait-state I/O cycle is run. This line should 
be driven low by an open-collector device capable of 
sinking 20 mA. 


GRAB- This input signal indicates that a board-mounted bus master is 
controlling the bus. A board pulls this line low when the 
appropriate DAKx line is made active, signaling that a master 
request is granted. The system address and data and control lines 
are floated, allowing the board to begin controlling them one full 
BCLK period after GRAB- becomes active. At least one more full 
BCLK period should be allowed after putting a valid address on the 
bus before activating any of the control lines. This line should 
be driven by an open-collector device capable of sinking 20 mA. 


GND These lines are connected to the system DC ground. The maximum 
current allowed on any single contact is 1.5 A. 
+5 VDC These lines are connected to the system power supply for 5 V. 


In addition to the maximum power available from the supply, the 
maximum current allowed on any single contact is 1.5 A. 


-5 VDC This line is connected to the system power supply for minus 5 V. 
This supply is intended for low-current usage only. 

-12 VDC This line is connected to the system power supply for minus 12 V. 
This supply is intended for low-current usage only. 

+12 VDC This line is connected to the system power supply for 12 V. 


The maximum current allowed on this contact is 1.5 A. 
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Expansion Bus Cycles 


When the CPU begins a bus cycle, it asserts its address and status signals. Due to 
the pipelining, the address signals typically are asserted while the previous bus 
cycle is taking place. Because most devices on the expansion bus expect the 
address signals to be valid during the entire bus operation, the address lines are 
latched to provide signals SA1 through SA19 to the expansion bus. The ALE signal 
latches the address lines. A set of unlatched address lines (LA17 through LA23) is 
also provided on the expansion bus for high-speed devices, to provide a longer 
set-up time for these devices. A set of buffers connected to the CPU address 
signals (PA17 through PA23) provides the unlatched address signals to the 

expansion bus. 


Address line SAO as well as the BHE signals of the expansion bus are generated by 
the bus controller using the AO (BLE-) and BHE- CPU status signals. These signals 
indicate which bytes are to be accessed from the expansion bus. The SAO and 

SBHE- signals are asserted on the bus at the rising edge of ALE, making their 
timing very similar to that of the other address signals (for example, SA1 through 
SA19) on the bus. All the address signals on the bus are disabled when the CPU 
responds to a HOLD request so that another device, such as the DMA controller, can 
control the address bus. 


Address line PA20 requires special handling to maintain compatibility with 
80286-based products. The PA20 signal can be disconnected from the bus and driven 
low via the LOWA20 signal from the mapping controller. Driving LOWA20 low allows 
for Real mode compatibility with certain application programs written for the 
8088/8086 that expect automatic segment wraparound at the end of the 1-megabyte 
address space. 


In addition to using the CPU status lines to convert to the 80286 bus standard, the 
bus controller uses these status lines to define the type and number of cycles that 
are to occur on the 8-/16-bit bus. For example, if a word read (16 bits) occurs 
via the 8-bit bus, the bus controller generates the appropriate cycles for two 
consecutive 8-bit read operations. 


When active (low), the I016- signal indicates that the device accessed on the 
expansion bus is a 16-bit device. 


——————— ————————À——^CT——MNNNEMM" 
COMPAQ DESKPRO 386s Personal Computer 


"zl 
7A 978 Expansion Bus 


5.4 EXPANSION BUS 
CYCLES 


Table 5-2 gives the 8- and 16-bit cycle definitions according to the state of the 
CPU status signals. 


Table 5-2. 8-/16-Bit Cycle Definitions 


AO (BLE-) BHE- Function 
0 0 low byte and high byte 
0 1 low byte 
1 0 high byte 
1 1 never occurs 


The bus controller is also capable of generating a number of non-CPU bus cycles. 
Table 5-3 lists those cycles. 


Table 5-3. Non-CPU Bus Cycles 


pS AOOO eee 


Cycle Type Bus Access Type 
System Board DMA: 

DMA memory read byte 16-bit RAM Low byte 

DMA memory read byte 16-bit RAM High byte 

DMA memory read byte 8-bit bus Low or high byte 

DMA memory write byte 8-bit bus High byte 

DMA memory write byte 16-bit RAM Low byte 

DMA memory write byte 16-bit RAM High byte 

DMA memory write byte 8-bit bus Low or high byte 

DMA memory read word 16-bit RAM p 

DMA memory write word 16-bit RAM -- 


Refresh read -- -- 
8-/16-Bit Master: 


Bus master memory read byte 16-bit RAM Low byte 

Bus master memory read byte 16-bit RAM High byte 

Bus master memory read byte 8-bit bus Low byte 

Bus master memory read byte 8-bit bus High byte 

Bus master memory write byte 16-bit RAM Low byte 

Bus master memory write byte 16-bit RAM High byte 
(Continued) 


—————— ———— —————yy Ó ————————————pí—————————————n—P—"——————— J—————————————————————————————————————X imsissist 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 5-9 


Table 5-3. (Continued) 


Cycle Type Bus Access Type 
8-/16-Bit Master: (Continued) 

Bus master memory write byte 8-bit bus Low byte 

Bus master memory write byte 8-bit bus High byte 

Bus master memory read word 16-bit RAM 5s 

Bus master memory write word 16-bit RAM Rue 

Bus master I/O read byte 16-bit bus Low byte 

Bus master I/O read byte 16-bit bus High byte 

Bus master I/O read byte 8-bit bus Low byte 

Bus master I/O read byte 8-bit bus High byte 

Bus master I/0 write byte 16-bit bus Low byte 

Bus master I/O write byte 16-bit bus High byte 

Bus master I/0 write byte 8-bit bus Low byte 

Bus master 1/0 write byte 8-bit bus High byte 

Bus master I/O read word 16-bit bus in 

Bus master I/O write word 16-bit bus -- 
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The primary reason to avoid frequent memory operations through the 8-/16-bit bus is 
that they take significantly longer than equivalent operations on the 16-MHz bus. 
This degradation occurs when the bus controller executes multiple bus memory cycles 
per CPU memory cycle at the 8-MHz expansion bus clock rate. For example, to 
execute a word read (2 bytes) from an 8-bit device on the 8-MHz 8-/16-bit bus with 
one wait state, the bus controller must perform two memory accesses. Each memory 
access takes the equivalent of 14 CPU clock cycles at the 16-MHz rate. The total 
time required for such an operation via the 8-bit bus would be 1.75 us 

(28 x 62.5 ns) in contrast to the 125 ns (2 x 62.5 ns) required for this operation 
on the 16-MHz memory. Adding a wait state to a cycle requires two additional 
62.5-ns clock cycles. 


Table 5-4 gives the number of 16-MHz cycles (62.5-ns cycle time) for various types 
of memory and I/O operations on the 8-MHz 8-/16-bit expansion bus. 
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Table 5-4. Number of Expansion Bus Cycles for Typical CPU Operations 


Bus Number of Cycles Required 

Size 0 Wait ] Additional Standard 
Operation (In Bits) State Wait State Wait State 
Memory Read 16 4 8 6 
Memory Read 8 6 14 12 
Memory Write 16 4 8 6 
Memory Write 8 6 14 12 
I/O Read 16 6 8 6 
I/0 Read 8 6 14 12 
1/0 Write 16 6 8 6 
1/0 Write 8 6 14 12 


NOTE: A standard wait state occurs if the device being accessed does not specify 
the number of wait states that should be generated by the system. 
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5.5 EXPANSION BUS 
TIMING 


Figure 5-1 compares the bus timing for a double-word 0-wait-state read operation 
through the 16-MHz bus with the timing for the same operation through the 

8-MHz bus. The timing is relative to the 16-MHz CPU clock rate. The expansion bus 
timing information is provided to aid in a general understanding of the system and 
is subject to change. 
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Figure 5-1. Typical 16-MHz Memory Read Bus Timing 
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Expansion Bus 


Table 5-5 shows the timing characteristics of the 8-/16-bit expansion bus. 


Table 5-5. 8-/16-Bit Expansion Bus Timing Characteristics 
Cycle 


Time (in ns) 


CPU 8-bit memory command active time (standard wait state) 567 
CPU 8-bit memory command active time (0 wait state) 187 
CPU 16-bit memory command active (standard wait state) 250 
CPU 16-bit memory command active (0 wait state) 125 
CPU 16-bit I/O command active time (standard wait state) 187 
CPU extra wait state time 125 
Address access time from SAx address, 16-bit bus read 284 
Address access time from SAO through SA19 addresses, 

8-bit bus read 649 
Access time from BALE active, 16-bit bus read 298 
MRDC- access time, 16-bit bus read 237 
IORC- access time, 16-bit bus read 175 
MRDC-, IORC- access time, 8-bit bus read 544 
MRDC- access time, 8-bit bus read 526 
Data hold time from MRDC-, IORC- 2.5] 
LAx address valid to 16-bit memory command set-up 148 
LAx address valid to M16- active requirement 131 
BALE valid to 16-bit memory command set-up 59 
BALE valid to M16 set-u 45 
SAx address valid to 16-bit memory command set-up 46 
SAx address valid to I/O, 8-bit command set-up 104 
SAO through SA19 address hold from command 48 
PU write data set-up to MWTC- active, 16-bit bus memory 2 
CPU write data set-up to IOWC- active 65 
CPU write data valid after MWTC-, IOWC- active, 8-bit bus 30 
CPU write data set-up to MWTC-, IOWC- inactive, 16-bit bus memory 2/3 
CPU write data set-up to MWTC-,IOWC- inactive, 8-bit bus memory 523 
Refresh MRDC- active time 250 
Refresh address set-up to MRDC- active 96 
Refresh address hold after MRDC- active 235 


NOTE: A standard wait state occurs if the device being accessed does not specify 
the number of wait states that should be generated by the system. 


(Continued) 
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Table 5-5. (Continued) 


Cycle Time (in ns) 
Maximum allowed delay for refresh wait state BUSRDY low 

from MRDC- active 100 
Refresh wait state BUSRDY set-up to BCLK rising edge 21 
CPU memory or I/O command wait state BUSRDY high set-up 

to BCLK rising edge 13 
Maximum allowed delay for CPU 16-bit memory command wait 

State BUSRDY low from from command active 103 
Maximum allowed delay for CPU 16-bit I/O command 

wait state BUSRDY low from command active 45 
Maximum allowed delay for CPU 8-bit command wait state 

BUSRDY low from command active 420 
CPU minimum command active from BUSRDY high after added 

wait state 140 
CPU maximum command active from BUSRDY high after added 

wait state 071 
Maximum NOWS delay from MRDC- or MWTC- 16-bit memory 41 
Maximum DMA memory read and I/0 write command additional 

wait state BUSRDY low delay from memory read command active 032 
Maximum DMA I/O read and memory write command additional wait 

state BUSRDY low delay from I/0 read command active 281 
DMA MRDC- active time 500 
DMA IORC- active time /50 
DMA MWIC-, IOWC- active time 400 
system memory read access time from MRDC- (non-CPU write cycles) 100 
Data valid after MWTC- low for system RAM (non-CPU cycles) 290 
Required I/O data access time from IORC- for DMA write to RAM 360 
Data valid after IOWC- low during DMA read from RAM 179 
Data set-up to IOWC- high during DMA read from RAM 221 
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NOTE: A standard wait state occurs if the device being accessed does not specify 


the number of wait states that should be generated by the system. 
EEE —À—Á—— 


Figures 5-2 and 5-3 illustrate the role of the bus controller by showing a 
number of 8- and 16-bit 8-MHz bus cycles relative to typical CPU cycles at 
the 16-MHz rate. 
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Figure 5-2. Typical 8-/16-Bit Bus Memory Timing 
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Figure 5-3. Typical 8-/16-Bit Bus I/0 Timing 
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CPU SUPPORT 


6.1 INTRODUCTION 


This chapter describes support functions and devices on the system board. 


This chapter provides the following information about the CPU support system: 
= Functional description (6.2) 

= Direct memory access (6.3) 

=» Interrupt control (6.4) 

= Interval timers (6.5) 


= Real-time clock and configuration memory (6.6) 


6.2 FUNCTIONAL 
DESCRIPTION 


The COMPAQ DESKPRO 386s BIOS (Basic Input/Output System) controls the following 
system board programmable devices: 


= Direct Memory Access (DMA) controllers 
n DMA Memory Page register 

m Interrupt Priority Encoder 

= Interval Timer 1 and 2 


" Real-Time Clock and Configuration Memory device 
These devices are all I/O mapped. 


Table 6-1 summarizes the port addresses used by the programmable devices on the 
system board. 
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Table 6-1. CPU Support System I/O Map s 
Address Bits 
Port 98 7654 3210 Device 
00h.. OFh 00 000X YYYY 8237A-5 Byte DMA Controller 
20h..21h 00 001X XXxxY 8259A Interrupt Controller 1 
40h 00 010X 0000 Programmable Interval Timer 1, 
8254-2 System Clock (Counter 0) 
4]h 00 010X 0001 Programmable Interval Timer 1, 
8254-2 Refresh Request (Counter 1) 
42h 00 010X 0010 Programmable Interval Timer 1, 
8254-2 Speaker Tone (Counter 2) 
43h 00 010X 0011] Programmable Interval Timer 1, 
8254-2 Command Mode register 
48h 00 010X 1000 Programmable Interval Timer 2, 
8254-2 Failsafe Clock (Counter 0) 
49h 00 010X 1001 Programmable Interval Timer 2, 
8254-2 not used (Counter 1) 
4Ah 00 010X 1010 Programmable Interval Timer 2, 
8254-2 Refresher Request Extend, A 
Speed Control (Counter 2) 
4Bh 00 010X 1011 Programmable Interval Timer 2, 
8254-2 Command Mode register 
60h 00 0110 00X0 8042 Data I/0 register 
61h 00 0110 0XX1I1 NMI Status (See NMI Interrupts) 
64h 00 0110 01X0 8042 Status/Command register 
70h 00 0111 OXXxO RTC Address register Data (bits «6..0») 
70h 00 0111 #0XX 0 NMI Enable register (bit «7» = 0) 
71h 00 0111 OXXI RTC Data I/O register 
80h 00 100X 0000 DMA Page register reserved 
LEGEND: X = Don t care. The value of these bits do not affect the I/0 
address decoding. 
Y - Register dependent 
NOTE: These ports are implemented with 12-bit decoding. Bits «10» and «11» are 
as follows: 
Port Bit 
«11» «10» 
8/8..8/F l 0 | 
C7C l 1 Í 
(Continued) 
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Table 6-1 (Continued) 
Address Bits 


Port 98 7654 3210 Device 

81h 00 100X 0001 DMA Page register CH 2 Page 

82h 00 1000 0010 DMA Page register CH 3 Page 

83h 00 100X 0011 DMA Page register CH 1 Page 

84h 00 100X 0100 DMA Page register Reserved 

85h 00 100X 0101 DMA Page register Reserved 

86h 00 100X 0110 DMA Page register Reserved 

87h 00 100X 0111 DMA Page register CH 0 Page 

88h 00 100X 1000 DMA Page register Spare 

89h 00 100X 1001 DMA Page register CH 6 Page 

aAh 00 100X 1010 DMA Page register CH 7 Page 

8Bh 00 100X 1011 DMA Page register CH 5 Page 

8Ch 00 100X 1100 DMA Page register Reserved 

8Dh 00 100X 1101 DMA Page register Reserved 

8Eh 00 100X 1110 DMA Page register Reserved 

8Fh 00 100X 1111 DMA Page register Refresh Page 

92h 00 1001 0010 Password lock: bit «3» = 1 - locked 
= 0 - not locked 

878..87F 00 0111 1XXX Diagnostic Port (see note) 

AO0h..Alh 00 101X XXX)! 8259A Interrupt Controller 2 

COh. .CFh 00 110Y YYYX 823/7A-5 Word DMA Controller 

C7C 00 0111 1100 (Reserved) (see note) 

FOh 00 111X OXXxO Clear Coprocessor Busy 

Fin 00 111X 0XX1 Reset Coprocessor 

F8h..FFh or 


8000F8h. .8000FFh 
00 1111 1YYX Coprocessor Command Ports 
LEGEND: X = Don t care. The value of these bits do not affect the I/0 
address decoding. 
Y = Register dependent 


NOTE: These ports are implemented with 12-bit decoding. Bits «10» and <11> are 
as follows: 
Port Bit 
«11» «10» 
8/8..87F 1 0 


C/C 1 l 
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Table 6-2 gives the general I/O map for the COMPAQ DESKPRO 386s. 


Table 6-2. System Board Addresses 


Address Range (Hex) Function Addressed 

000 - OIF DMA Controller 1 

020 - OSF Interrupt Controller 1 

040 - 047 Interval Timer 1 

048 - O5F Interval Timer 2 

060 - O6F 8042 Keyboard Controller 

070 - 07F Real-Time Clock, (NMI - port 70, bit «7») 

080 - O8F DMA Page registers 

092 Password lock: bit «3» = 1 - locked 
= 0 - not locked 

OAO - OBF Interrupt Controller 2 

OCO - ODF DMA Controller 2 

OFO - OFF Coprocessor 

100 - 16F Not used 

100 - 16F Not used 

170 - 177 Fixed Disk Controller 2 

178 - lEF Not used 

1FO - 1FF Fixed Disk Controller 

200 - 207 Game Controllers 

208 - 26F Game Controllers 

2F8 - 27F Not used 

2F8 - 2FF Serial Port 2 

300 - 31F Not used 

3/0 - 377 Diskette Controller 2 

3/8 - 37F Parallel Port 1 

380 - 38F Not used 

3A0 - 3AF Not used 

3B0 - 3BB Monochrome Adapter other than COMPAQ 

3BC - 3BF Parallel Port 1 

3CO - 3DF Video Controller 

3F0 - 3F7 Diskette Controller 

3F8 - 3FF Serial Port 1 

878 - 87F Diagnostic Port 

C7C (Reserved) 
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6.3 DIRECT MEMORY 
ACCESS 


The system includes two Intel 8237-compatible direct-memory-access (DMA) 
controllers arranged identically to those in 80286-based systems. These 
controllers handle and assign priority to DMA requests from I/O peripherals 
on the expansion bus. A complete set of page registers is also provided for 
handling the high order of the DMA address. 


DMA Operations 


DMA is a method of directly accessing memory without involving the CPU. DMA is 
normally used to transfer blocks of data to or from an I/O device. DMA reduces the 
amount of CPU interactions with memory, freeing the CPU for other processing tasks. 
Two types of DMA operations are supported: byte and word operations. 


Table 6-3 lists the DMA channels and their functions. 


Table 6-3. DMA Channels Assigned to the Controllers 
Channel Function 
Controller 1--Byte Transfers: 


0 Spare 
l Spare 


2 Diskette Data Transfers 
3 Spare 


Controller 2--Word Transfers: 
4 Cascade for Controller 1 


5 Spare 
6 Spare 


/ Spare 
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All four channels (designated 0, 1, 2, and 3) of Controller 1 are dedicated to 
performing byte operations. Of the four channels (designated 4, 5, 6, and 7) of 
Controller 2, channels 5, 6, and 7 are dedicated for word operations. Channel 4 is 
a cascade for Controller 1. Thus, all HOLD requests for Controller 1 are processed 
via channel 4 of Controller 2. This causes all channels in Controller 1 (channels 
0, 1, 2, and 3) to operate at a higher priority than those in Controller 2 
(channels 5, 6, 7). Channel 4 of Controller 2 is not available for normal DMA. 


DMA Controller 


The system board uses two Intel 8237-compatible DMA controllers, with four 
bi-directional data channels each. The DMA controllers operate at 
4 megahertz (DCLK). 


The DMA controllers hold (or define) only 16 bits of the 24-bit address. The other 
8 address bits are contained in the DMA Memory Page Register. See the DMA Memory 
Page Register" subsection for more information. 


DMA Controller 1 is used for byte (8-bit) data transfers. DMA Controller 2 is used 
for word (16-bit) data transfers. Unlike the CPU, DMA Controller 2 can transfer 
words only on an even boundary. 


Together the DMA controller and page register define a 24-bit address that allows 
data transfers within the 16-megabyte address space of the COMPAQ DESKPRO 386s 
Personal Computer. 


Byte-DMA Operations 


The DMA cycle begins when a peripheral sets a DRQ3..DRQO line active. The DMA 
controller then arbitrates among any other pending requests and sets the 
hold-request output (DRQ4) line active. DRQ4 is connected to the word-DMA 
controller, which does the arbitration. The word-DMA controller then sets its 
hold-request line active. The hold-request line is in turn synchronized and 
arbitrated by the hold arbitration logic as discussed previously. 
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When the system responds to the request with an acknowledge, the word-DMA 
controller responds with a DAK4, which acts as a hold acknowledge to the byte-DMA 
controller. The byte-DMA controller, after synchronizing the acknowledge, places 
an address on the bus lines. 


In order to satisfy 16-bit devices on the bus, the BHE- line is driven high by 
logic when SAO goes low and low when SAO goes high. When this is complete, the DMA 
controller drives the lines IORC-, IOWC-, MWTC-, and MRDC- according to the type of 
‘cycle being run. If SAO is high, and the addressed memory is 16-bit, logic routes 
the data between the low half and high half of the data bus. The data are moved 
from high to low on memory reads, and from low to high on memory writes. 


Word-DMA Operations 


Word-DMA operations are possible only between word memory (16 bit) and word 
peripherals. Also, the DMA controller cannot operate on an odd-address boundary on 
either memory or I/0. The system latches the SAO and BHE- line to enable 16-bit 
devices on the bus. 


The DMA word cycle begins when a peripheral sets a DRQ7..DRQ5 line active. The 
DMA controllers then arbitrate among any other pending requests and set the 
hold-request output active. 


When the system responds to the request, the word-DMA controller, after 
synchronizing the acknowledge, responds with a DAKx acknowledge to the peripheral. 
The DMA controller places the address on the bus and then drives the control lines. 


Line Al6 from the DMA Memory Page register (in the SMAP ASIC) is disabled when DMA 
Controller 2 is selected. Line AO is not connected to DMA Controller 2. Line AO 
is always 0 when word-length transfers are selected. This arrangement (not 
connecting A0) means that the size of the block of data that can be moved or 
addressed is measured in 16-bit words, rather than 8-bit bytes. 
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Figure 6-1 shows how the memory address is derived. 


24—Bit Address — Controller 1 — Byte Transfers 


Page Register DMA Controller 
8—Bits 16=Bits 


A25 <——_® A16 A15 ————————— A 


235—Bit Address — Controller 2 — Word Transfers 


Page Register DMA Controller Always @ 
/—Bits 16—Bits 


A 2.5 <\—_? A17 A16 <> A1 AQ 


Figure 6-1. Memory Address Derived from Page Register and DMA Register Contents 
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Al6 from the DMA Memory Page register is disabled when DMA Controller 2 is 
selected. AQ is not connected to DMA Controller 2. AO is always 0 when 
word-length transfers are selected. Not connecting AO means: 1) that the size of 
the block of data that can be moved or addressed is measured in 16-bit words, 
rather than 8-bit bytes and 2) the words must always be on an even boundary. 


DMA Controller 1 can move as much as 64 Kbytes of data per DMA transfer. 
DMA Controller 2 can move as much as 64 kilowords, or 128 Kbytes of data 
per DMA transfer. 


DMA Memory Page Register 
The DMA Memory Page register contains the eight most-significant bits of the 24-bit 
address. It works in conjunction with the DMA controllers to define the complete 


(24-bit) address for the DMA channels. 


Table 6-4 gives the port address assigned to each page register. 


Table 6-4. Port Addresses for DMA Channels 


DMA Page Register 
Channel I/O Port Address 
0 087h 

1 083h 

2 081h 

3 082h 

4 None 

5 08Bh 

6 089h 

7 08Ah 

Refresh 08Fh (see note) 


NOTE: The DMA Memory Page register for the refresh channel must be 
programmed with 00h for proper system operation. 


The DMA controllers are complex devices with several registers for commands and 
| status. For information, refer to the subsection entitled “DMA Controller." Also, 
w refer to the subsection Reset Pointer Flip-flop" for an explanation of 16-bit data 
transfers to the DMA controllers. 
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Table 6-5 shows the I/0-map addresses, commands, and formats of the registers. 


Table 6-5. DMA Controller Registers 
Port Address 


Register Function Bits Controller 1 Controller 2 Read/Write 
Status 8 08h DOh Read 
Command 8 08h DOh Write 
Mode 6 OBh D6h Write 
Write Single Mask Bit 4 OAh D4h Write 
Write All Mask Bits 4 OFh DEh Write 
Software DRQx Request 4 09h D2h Write 
Base and Current Address - CH O 16 00h COh Write 
Current Address - CH 0 16 00h COh Read 
Base and Current Word Count - CH O 16 Olh C2h Write 
Current Word Count - CH 0 16 Olh C2h Read 
Base and Current Address - CH 1 16 02h C4h Write 
Current Address - CH 1 16 02h C4h Read 
Base and Current Word Count - CH 1 16 03h C6h Write 
Current Word Count - CH 1 16 03h C6h Read 
Base and Current Address - CH 2 16 04h C8h Write 
Current Address - CH 2 16 04h C8h Read 
Base and Current Word Count - CH 2 16 05h CAh Write 
Current Word Count - CH 2 16 05h CAh Read 
Base and Current Address - CH 3 16 06h CCh Write 
Current Address - CH 3 16 06h CCh Read 
Base and Current Word Count - CH 3 16 07h CEh Write 
Current Word Count - CH 3 16 07h CEh Read 
Temporary 16 ODh DAh Read 
Reset Pointer Flip-flop (note 1) OCh D8h Write 
Master Reset (note 2) ODh DAh Write 
Reset Mask register (note 2) OEh DCh Write 


NOTES: 1. See the Reset Pointer Flip-flop command description later in 
this chapter. 
2. This is not a register, but a direct command to the DMA Controller. 
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Transferring Data from I/O Devices 
to Memory 


DMA controllers and I/0 devices use the DRQx and DAKx signals as “handshaking.” 
When an I/O device has a byte or word of data to send, the I/O device makes its 
DRQx line active. When the DAKx line from the DMA controller goes active, the 
device puts its data on the data bus. 


The following pages contain descriptions of the various registers. 


Status 


The Status register bits are set (-1) to indicate that a channel has requested DMA 
access or that a DMA process is completed. 


BIT 
76543210 


t B l= CH 0 DMA process completed 
l= CH 1 DMA process completed 
l= CH 2 DMA process completed 
l= CH 3 DMA process completed 
l= CH O DMA requested 
l= CH 1 DMA requested 
l= CH 2 DMA requested 


l= CH 3 DMA requested 
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Command 


The Command register bits control the DMA operation. All bits are reset (20) by 
the master clear instruction or a system reset. This register must be programmed 
to 00 for proper system operation. 


BIT 
76543210 

L_ 9 = Memory-to-memory disabled 
1 = Memory-to-memory enabled 
0 = CH O address hold disabled 
1 = CH O address hold enabled 
0 = Controller enabled 
1 = Controller disabled 
0 = Normal timing 
1 = Compress timing 
X = If bit <0> = 1 
0 = Fixed priority 
l = Rotating priority 
0 = Late write selection 
] = Extended write selection 
X = If bit <3> = 1 
0 = DRQx sense active high 
] = DRQx sense active low 
0 = DAKx sense active low 
] = DAKx sense active high 
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Mode 


Each channel has a 8-bit register associated with it. The first 2 bits of the byte 
written to this register specify which channel is being selected. These registers 
specify the operating mode for each channel. 


BIT 
76543210 

Ll 00 = Select CH 0 
01 = Select CH 1 
10 = Select CH 2 
11 = Select CH 3 
00 = Verify transfer 
01 = Write transfer 
10 = Read transfer 
11 = Illegal 
XX = If bits <7..6> = 11 
0 = Autoinitialization disabled 
l = Autoinitialization enabled 
0 = Address increment selected 
1 = Address decrement selected 
00 = DEMAND mode selected 
01 = SINGLE mode selected 
10 = BLOCK mode selected 
11 = CASCADE mode selected 


If the BLOCK or DEMAND mode is selected for a channel, the total transfer time must 
not exceed 15 microseconds or RAM will not be properly refreshed. 
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Write Single Mask Bit 


This command sets (=1) or resets (20) a single mask bit. When a mask bit is set, 
DRQx for that channel is disabled. The Write All Mask Bits command can set or 
reset all the mask bits. 


BIT 
76543210 

00 = Select CH 0 mask bit 
01 = Select CH 1 mask bit 
10 = Select CH 2 mask bit 
11 = Select CH 3 mask bit 
0 = Reset mask bit 

1 = Set mask bit 


00000 (Reserved) 


Write All Mask Bits 


This command sets (=1) or resets (=0) all the mask bits. When a bit is set, DRQx 
for that channel is disabled. The Write Single Mask Bit command can set or reset a 
Single mask bit. 


BIT 
76543210 

L_ 0 = Reset CH O mask bit 
1 = Set CH O mask bit 
0 = Reset CH 1 mask bit 
] » Set CH 1 mask bit 
0 = Reset CH 2 mask bit 
] = Set CH 2 mask bit 
0 = Reset CH 3 mask bit 
] = Set CH 3 mask bit 


0000 (Reserved) 
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software DRQx Request 


The DMA controller can respond to software requests for DMA as well as hardware 
requests from DRQx lines. The channel must be in the BLOCK mode, and the 
appropriate registers (base addresses and so forth) must be set before initiating 
this request. 


BIT 
76543210 

00 = Select CH O mask bit 
01 = Select CH 1 mask bit 
10 = Select CH 2 mask bit 
11 = Select CH 3 mask bit 
0 = Reset request bit 

] = Set request bit 


00000 (Reserved) 
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Base and Current Address - Channels 0-3 


These 16-bit registers specify the starting destination address for the memory 
transfer. This is a write-only register. The two bytes are loaded into these 
registers as a two-part operation. The first write to this register loads the 
eight least-significant bits (lower byte). The second consecutive write loads the 
eight most-significant bits (upper byte). See the Reset Pointer Flip-flop command. 


Base and Current Word Count - Channels 0-3 


These 16-bit registers specify the number of words to be transferred. The number 
of word transfers that can occur is one more than the specified number. This is a 
write-only register. The 16-bit contents are loaded into these registers as a 
two-part operation. 


The first write to this register loads the eight least-significant bits. The 
second consecutive write loads the eight most-significant bits. See the Reset 
Pointer Flip-flop command. 


Current Address (Read) - Channels 0-3 


These 16-bit registers specify either the current address or the destination 
address for the next data transfer. This address is the same as the base address 
plus address increments or decrements made after each data transfer. These are 
read-only registers. The 16-bit contents are read from these registers as a 
two-part operation. The first read from this register returns the eight 
least-significant bits. The second consecutive read returns the eight 
most-significant bits. See the Reset Pointer Flip-flop command. 


Current Word Count - Channels 0-3 


This register indicates the number of words remaining to be transferred. These 
are read-only registers. The 16-bit contents are read from these registers as 
a two-part operation. The first read from this register returns the eight 
least-significant bits. The second consecutive read returns the eight 
most-significant bits. See the Reset Pointer Flip-flop command. 
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Temporary 


This register is not used in this hardware configuration. 


Heset Pointer F lip-Flop 


This is a direct command to the DMA controller to reset the pointer flip-flop that 
keeps track of 16-bit data transfers. This command is given to reset the pointer 
to a known state so that the DMA controller will load the high- and low-order bytes 
in the proper sequence. Use this command before writing a 16-bit base address or 
other 16-bit command or data to the DMA controller. 


Master Reset 


This is a direct command to the DMA controller to reset the DMA controller. It has 
the same effect as a hardware reset; the command, status, request, temporary, and 
pointer flip-flop registers are reset (=0), and the mask register bits are 

set (-1). 


Heset Mask 


This is a direct command to the DMA controller to reset the mask register, enabling 
all four channels to receive DRQs (Data Requests). 
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6.4 INTERRUPT CONTROL 


The 80386SX processor has two signals for interrupts, labelled NMI (nonmaskable 
interrupt) and INTR (maskable interrupts). A nonmaskable interrupt cannot be 
masked off within the processor, but can be masked under software control by 
external hardware on the system board. A maskable interrupt can be enabled or 
disabled by the processor. 


Nonmaskable Interrupts (NMI) 


NMI interrupts are caused by: 


= Parity errors on the system board, memory boards or any expansion boards that 
pull the IOCHK- line low 


a Timeout of the fail-safe timer on interval timer 2 


= System software generating a software interrupt to the NMI routine (BIOS call) 
such as redirection of the coprocessor exception interrupt 


When an NMI interrupt is caused by hardware, port 61h indicates the source of the 
interrupt. Bits set to 1 in port 61h show which device requested an NMI interrupt. 


After the NMI interrupt routine processes the interrupt, the NMI status bits </..6> 
are reset. 


If bit «6» is set, the interrupt comes from the hardware IOCHK- line. To reset the 
hardware IOCHK- latch, pulse bit «3» of port 61h high. 


If bit «7» is set, the interrupt comes from the fail-safe timer (interval timer 2). 
To reset the fail-safe timer interrupt latch bit, pulse bit «2» of port 61h high. 


The bit values for port 61h are shown in the next bit map. 
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Port 61h 


BIT 
7 3210 


654 
L— Gate signal for interval timer 1, counter 2 (speaker) 
0 = Counter 2 disabled 
] = Counter 2 enabled, read and write 
Speaker data, read and write 
Fail-safe NMI enabled 
Fail-safe NMI disabled and cleared, read and write 
IOCHK- NMI enabled 
IOCHK- NMI disabled and cleared, read and write 
RAM refresh occurring now 
RAM not in refresh cycle, read only 
State of interval timer 1, counter 2 output signal (speaker), 
B read only 
0 = No NMI interrupt from IOCHK- 
o1 


e © 
lool 


BI e. 
Hoo 


pec 
Hoo 


IOCHK- is low (active), NMI interrupt requested, read only 


No NMI interrupt from fail-safe timer (HITIM- signal) 


0 
1 = HITIM- is low (active), NMI interrupt requested, read only 
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The mask register for the NMI interrupt is at I/0- address 70h shown below. The 
most-significant bit enables or disables the IOCHK- and fail-safe timer interrupts. 
Write an 80h to port 70h to mask the NMI signal. This port is shared with the 
real-time clock and configuration memory device (the lower 6 bits). Do not modify 
the contents of this register without considering the effects on the state of the 
other bits. 


Port 70h 


BIT 
76543210 


Real-time clock 


0 
l 


NMI enabled 
NMI disabled 


Interrupts (INTR) 


All hardware interrupts to the CPU are channeled through the interrupt controllers. 
These devices generate interrupts on the 80386SX interrupt line (INTR), which can 
be masked in the 80386SX with the CLI instruction. 


The interrupt controllers are 8-input devices that can accept interrupt signals 
from several devices, assign priorities to them, and interrupt the processor. The 
processor then automatically reads the interrupt controller to determine the source 
of the highest-priority interrupt and calls the appropriate interrupt routine. 


Two interrupt controllers (a master and a slave) are used so that 16 levels of 
interrupt are possible. The slave (interrupt controller 2) interrupts the master 
(interrupt controller 1) to cause an interrupt. Interrupt controller 1 can be 
programmed in the fully nested mode, so that interrupt controller 2 sends the 
correct interrupt vector to the CPU for the source of the interrupt. 
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Figure 6-2 shows a functional diagram of the interrupt controller. 


Tick Counter, IRQO 


SYSTEM BUS Keyboard, IRQ1 
62—Pin Connector 


Int t 
eae Ae INTR To 386 


INTR 


secondary Comm IRQS Controller 1 


2 
(Master 


Primary Comm IRQ4 


Diskette IRQ6 


Primary Printer IRQ7 


secondary Printer IRQS — — 


Ø 
SYSTEM BUS RTC, IRQ8 
36—Pin Connector l 
Not Used IRQ10 
BENI 
Min Da Controter 
4 Controller 2 
5 
IRQ13 
Fixed Disk IRQ14 a; 
Not Used IRQ15 L 


Figure 6-2. Interrupt Controller Functional Diagram 
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The base I/0 address for interrupt controller 1 is 20h; for Interrupt Controller 2, 
AOh. Table 6-6 lists the initial interrupt controller values set up at power-on by 
the BIOS. 


Table 6-6. Initial Interrupt Controller Values 


Port Value Description of Contents 

20h 11h Cntlr 1, ICW1 

2lh 08h Cntlr 1, ICW2 vector address for 000020h 

21h 04h Cntlr 1, ICW3 indicates slave connection 

21h Olh Cntlr 1, ICW4 8086 mode 

AOh ]1h Cntlr 2, ICWl 

Alh 70h Cntlr 2, ICW2 vector address for 0001COh 

Alh 02h Cntlr 2, ICW3 indicates slave ID 

Alh Olh Cntlr 2, ICW4 8086 mode 

21h B8h Cntlr 1, Interrupt mask (may vary with option) 
Alh BDh Cntlr 2, Interrupt mask (may vary with option) 


Table 6-7 lists the 16 possible sources for an interrupt and their priorities. The 
highest-priority interrupt is processed first. 


Table 6-7. Interrupts and Their Priorities 


Priority Label Controller Typical Interrupt Source 
1 NMI (Note) Parity error detected 
2 [RQO 1 Interval timer 1, counter 0 output 
3 IRQ] l Keyboard 
IRQ2 1 Interrupt from controller 2 
IRQ8 2 Real-time clock 
5 IRQS 2 Expansion bus pin B04 (designated IRQ2 on 
8086-based systems) 
6 IRQIO 2 Expansion bus pin D03 
/ IRQ11 2 Expansion bus pin D04 
8 [RQ12 2 Auxiliary input (pointing device) 
9 IRQ13 2 Coprocessor error 


NOTE: The NMI signal is controlled through I/O port 70h, bit </>. 
NMI also handles the fail-safe timer. 


(Continued) 
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Table 6-7. (Continued) 


Priority | Label Controller Typical Interrupt Source 

10 IRQ14 2 Fixed disk drive control ler--expansion 
bus pin D07 

11 IRQ15 2 Expansion bus pin D06 

12 IRQ3 l serial port 2--pin B25 

13 IRQ4 l serial port 1--pin B24 

14 IRQ5 l Not used 

T5 IRQ6 1 Diskette drive controller (B22) 

16 IRQ7 l Parallel port 1--pin B21 


NOTE: The NMI signal is controlled through I/O port 70h, bit <7>. 
NMI also handles the fail-safe timer. 


Interrupt Controller 
Programming Example 


The following example illustrates an end-of-interrupt (EOI) sequence: 


mov al, 20h : Get EOI value 
out 20h, a] : Send EOI command to 
- 8259A OCW3 


The following example masks IRQ2. IRQ2 is masked by setting bit «2» to 1 in the 


8259A OCWl. 
cli ; Mask all interrupts 
in al,21h ; Get current mask from OCWl 
Or al,00000100b ; Bit «2» is IRQ2 
jmp $ + 2 ; Allow time between 
jmp $ + 2 ; Outputs to 8259A 
out 21h, al ; Output mask value to OCWI 
sti ; Reenable all interrupts 
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6.5 INTERVAL TIMERS 


The purpose of a programmable interval timer is to generate pulses at 
software-controllable intervals. 


The system board has two 8254-2 compatible interval timers. Each timer provides 
three frequencies, or counters, for the system. The three counters count down a 
16-bit value at a rate of 1.193 million counts-per-second and give an output pulse 
on the OUT pins. 


Interval timer 1, counter 0 is connected to the 8259A interrupt controller 1 IRQO, 
and provides a system timer interrupt for a time-of-day, diskette time-out, or 
other system timing functions. Counter 1 generates a refresh-request signal. 
Counter 2 generates the tone for the speaker. 


Interval timer 2, counter 0 is the ‘fail-safe timer" that can generate interrupts 
on the NMI line at regular intervals. This interrupt can be used by operating 
systems to prevent the system from locking up. The interval timer 2, counter 0 
output is enabled or disabled by DIP switch 1 on the system board. Counter 1 is 
not used. The fail-safe timer output signal can be independently enabled or 
disabled with the I/O port 61h bit «2». 


Interval timer 2, counter 2 is used to extend the refresh-request period. Counter 
2 is placed in the one-shot mode, and is triggered by the refresh-request signal. 
The counter 2 output will extend the CPU hold time for refresh by the programmed 
period of the one-shot. The one-shot timeout period has 250-ns increments, with a 
range of 02h to 35h. To enable the one-shot, select Mode 1 (one-shot) operation by 
writing OUT 4Bh, 92h. To specify a time-period, write OUT 4Ah, xxh, where xxh is a 
value between 02h and 35h. 


Because the interval timer 2, counter 2 function depends upon the refresh-request 
signal from another interval timer counter, changing the refresh-request frequency 
will affect the period of the counter 2 output signal. 
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Timer 2 counter 2 is configured for the one-shot mode and is not enabled (that is, 
a counter value is not programmed) until a speed reduction in the system is 
required. At such time the value programmed depends on the system speed desired. 


Table 6-8 lists the interval timer functions. 


Table 6-8. Interval Timer Functions 


Interval Timer 1 Interval Timer 2 
Counter 0 Counter 0 

Function System Timer Fail-safe Timer 

Gate Always on Always on 

Clock In 1.193 MHz 1.193 MHz 

Clock Out IRQO NMI Interrupt 

(HITIM- signal) 

Counter 1 Counter 1 
Request refresh Reserved 

Gate Always on Always on 

Clock In 1.193 MHz 1.193 MHz 

Clock Out Request refresh Not used 
(REFCK) 
Counter 2 Counter 2 
Speaker Tone Speed Control 

Gate Programmable Refresh request 
(Port 61h) 

Clock In 1.193 MHz 4 MHz (DCLK) 

Clock Out Speaker input HOLD delay 

(SLOWQ- ) 


The COMPAQ DESKPRO 386s system speed can be set to values that correspond to the 
equivalent speeds of an 8088-based personal computer and the 6-MHz and the 8-MHz 
80286-based products. These values can be entered with the MODE command, MODE 
SPEED=xx, from MS-DOS as published by Compaq or can be used with the "Set System 
Speed" BIOS function (CX-XX) to simulate the computing speed (that is, the 
processor/memory system speed) of other personal computer products. The range of 
speed values is from 1 to 50, where 50 approximates the full COMPAQ DESKPRO 386s 
speed. The command MODE SPEED=COMMON selects the 6-MHz 80286-based product 
equivalent speed; MODE SPEED-FAST selects the 8-MHz 80286-based product 
equivalent speeds. 
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Table 6-9 lists some system speed values. A». 
Table 6-9. Simulated System Speed Values 
Decimal Hex 
simulated Speed Value Value 
8088-based personal computer 4 04 
6-MHz 80286-based products 17 11 
8-MHz 80286-based products 19 13 
12-MHz 80286-based products 37 25 


The 80286-based product equivalent speed values are listed for relative reference 
to other speed values. 


The decimal values in Table 6-10 are suitable for using directly with the MODE 
command. To use the “Set System Speed’ BIOS function, the speed values should be 


placed in the CX register using the hexadecimal equivalents. 


Refer to Chapter 8, "BIOS," for more information. 
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Interval Timer Architecture 


The interval timer contains three identical counters. Figure 6-3 shows the 
architecture of the interval timer. 


Internal Bus 


CR, 


CL, 


Out (n) 
Clock (n) 
Gate (n) 


Figure 6-3. Interval Timer Architecture 


CRm and CRI contain the most- and least-significant bytes of the 16-bit initial 
count value. These registers are cleared when they are both transferred into CE. 


CE is the actual "Counting Element" latch that contains the value being 
counted down. 


CLm and CL] contain the most- and least-significant bytes of the CE value unless 
a latch command is given. In this case, the CLm and CL] registers hold the count 
until read. 
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Programming the Interval Timer 


The interval timer is an I/0-mapped device. Several commands are available: 


= Control Word specifies: 
- which counter to read or write 
- the operating mode 
- the count format (binary or BCD) 


Counter Latch latches the current count so that it can be read by the system; 
the countdown process continues 


Read Back reads the count value, programmed mode, the current state of the OUT 
pins, and the state of the Null Count Flag of the selected counter 


Programming the interval timer is a simple process: 


1. Write a control word 
2. Write an initial count for each counter 
3. Load the least- and most-significant bytes of the 16-bit counter in two A 


steps (writes) 


Table 6-10 lists the ports used by the interval timer. 


Table 6-10. Interval Timer Port Assignments 


Port Timer Function 

40h l Read or write count for counter 0 (system clock) 
41h 1 Read or write count for counter 1 (refresh request) 
42h ] Read or write count for counter 2 (speaker tone) 
43h i Input for Control Word, Counter Latch, or Read Back 


commands (Command Mode register) 
48h Read or write count for counter 0 (fail-safe timer) 


2 
49h 2 Read or write count for counter 1 (not used) 
4Ah 2 Read or write count for counter 2 (speed control } 

2 


4Bh Input for Control Word, Counter Latch, or Read Back 
commands (Command Mode register) 
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Interval Timer Operating Modes 
and Initial Values 


Table 6-11 lists the six operating modes for the interval timers. 


Table 6-11. Interval Timer Operating Modes 

Mode Function 

Out signal on end-of-count (= 0) 
Hardware retriggerable one-shot 

Rate generator (divide-by-n counter) 
square-wave output 
Software-triggered strobe 


Or |& |W [PO [rR | © 


Hardware-triggered strobe 


Table 6-12 lists initial values for the interval timer counters set up at power-on 
by the BIOS. 


Table 6-12. Interval Timer Counters Initial Values 


Control Output 

Counter Mode Word Count Frequency 
Interval Timer 1 (see note 1): 

0 3 36h 65536 18.207 Hz 

i 2 54h 19 62.799 kHz 

2 3 B6h 1336 893.10 Hz 
Interval Timer 2 (see note 2): 

Ü X X X X 

1 X X X X 

2 l 92h 02-35h X 


NOTES: 1. Only the least-significant byte of the divisor is loaded. 
2. Timer 2 is not programmed at power-on. The x signifies programmable 
values (in hertz) to be entered. 
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Interval Timer Control Word 
Format 


The Control Word specifies the counter, the operating mode, the order and size of 
the COUNT value, and whether it counts down in a 16-bit or binary-coded decimal 
(BCD) format. 


BIT 
76543210 

L 9 = Binary countdown 
1 = BCD countdown 
000 = Mode 0 
001 = Mode 1 
010 = Mode 2 
O11 = Mode 3 
100 = Mode 4 
101 = Mode 5 
00 = Counter Latch command 
01 = R/M least-significant byte 
10 = R/M most-significant byte 
11 = R/M least-, then most-significant byte 
00 = Select counter 0 
01 = Select counter 1 
10 = Select counter 2 
11 = Read Back command 
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Interval Timer Counter Latch 
Command 


The Counter Latch command latches the count at the time the command is received. 
The count is held in the CL registers until read. 


BIT 
76543210 
0000 (Reserved) 


00 = Designates this byte as a Counter Latch command 
00 = Latch Counter 0 
01 = Latch Counter 1 
10 = Latch Counter 2 
11 = Select Read Back command (see Read Back command) 


Interval Timer Read Back 
w Command 


The Read Back command causes the count or status of the counters to be latched in 
the CL registers until read. A single Read Back can latch the count or status of 
all three counters. 


BIT 
76543210 


B 0 (Reserved) 
] = Select Counter 0 
] = Select Counter 1 
] = Select Counter 2 
Latch Status of selected counters 
Latch Count of selected counters 
11 = Specifies this command 
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The status byte latched into CL has the format: 


BIT 
76543210 
L— 0 = BINARY countdown 
1 = BCD countdown 
000 = Mode 0 
001 = Mode 1 
010 = Mode 2 
011 = Mode 3 
100 = Mode 4 
101 = Mode 5 
00 = Counter Latch command 
01 = R/W least-significant byte 
10 = R/W most-significant byte 
11 = R/W least-, then most-significant byte 


Returned Status: 
0 = CR contents not moved into CE 


1 = CR contents are moved into CE 
0 = OUT Pin is 0 (low) 
] = OUT Pin is 1 (high) 


Speaker Interface 
The speaker enable signal is clocked by counter 2 of the interval timer. 


The speaker interface allows the speaker to be driven from two sources: the 
interval timer or the processor, through port 61h bit «1». In addition, the 
interval timer can be enabled and disabled from port 61h bit «0». See CPU Status 
for more information on port 61h. 


To minimize power dissipation in the speaker, the speaker output should be left 
high when not in use. 
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REAL-TIME CLOCK AND 
CONFIGURATION 
MEMORY 


The COMPAQ DESKPRO 386s System Board contains a device which includes a Real-Time 
Clock (RTC) device and the configuration memory. The RTC is compatible with the 

146818 device. A built-in battery back-up protects the operation of the RIC and 

contents of the configuration memory. 


[he device has a total of 64 bytes of memory. The first 14 memory locations are 
used for the RTC. The remaining 50 memory locations are used for the system 
configuration. The top ten bytes of configuration memory contain the system 
password and are protected from reads or writes by writing a 1 to bit «3» of the 
password protect port (092h). 
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A value can be written to or read from all 64 registers except: 
M Status registers C and D, which are read only 

B Bit «7» of status register A, which is read only 

a The high-order bit of the seconds byte, which is read only 


8 Locations 36h through 3Fh are not readable or writable if password is locked; 
(that is, if bit «3» of port 92 is a one) 


Figure 6-4 shows the memory map for the real-time clock. 


14 Bytes for | 00h Seconds Øh 
| Seconds Alarm | @th 
Minutes 02h 
Minutes Alarm Q. 5h 
Hours O4h 
Hours Alarm OSh 
Day of Week Q6h 
Date of Month | 7h 
Month Q8h 
Year Q9h 
Register Q Ah 
Register OBh 
Register OCh 
Register ODh 


Real— Time 
Clock 


QDh 


50 Bytes for 


Configuration 


Memory 


Figure 6-4. RIC Memory Map 
To prevent a loss of time or system configuration, the RTC uses power obtained from 
a built-in battery. The battery maintains the time and system configuration during 


power loss. The system does NOT charge the battery. 


To reset the time or system configuration, run the COMPAQ SETUP Utility or use the 
appropriate INT 1Ah (BIOS) command. 
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The RTC is an I/0-mapped device. Use the 80386SX OUT and IN instructions to write 

to or read from the memory in this device. The port 70h is shared between the NMI 

Mask register and the Configuration Memory Address register. To leave the NMI Mask 
enabled, make sure that bit </> of the RTC address is set to O. 


To write a value into configuration memory: 


1. Use OUT 70h, AL to specify the memory location to change. 70h is the port 
number; AL is the memory location. 


2. Use OUT 71h, AL to specify the data for the memory location. 71h is the port 


number; AL is the data. 


Do not use word output instructions such as OUT 70h, AX to load the memory location 
and data simultaneously. Word outputs cause back-to-back bus cycles that do not 
allow the RTC sufficient recovery time. 


To read the contents of a memory location: 


1. Use OUT 70h, AL to specify the memory location to read. 70h is the port 
number; AL is the memory location. 


2. Use IN AL, 71h to read the data stored in that location. The returned data is 
placed in the AL register of the 80386SX. 


Table 6-13 summarizes the types of information stored in the RTC and Configuration 
memory locations. 
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Table 6-13. Real-Time Clock and Configuration Memory Locations 


Register Function 

00h Seconds 

Olh Seconds alarm 

02h Minutes 

03h Minutes alarm 

04h Hour 

05h Hour alarm 

06h Day of week 

07h Date of month 

08h Month 

09h Year 

OAh Status register A 

OBh Status register B 

oCh Status register C 

ODh Status register D 

OEh Diagnostic byte 

OFh Reset code byte 

10h Diskette drive type 

11h Reserved 

12h Fixed disk drive type 

13h Keyboard options 

14h Equipment installed 

15h, 16h Base memory size 

17h, 18h Extended memory installed 
19h Drive C type if extended drive type 
]Ah Drive D type if extended drive type 
1Bh,23h Reserved 

24h,25h System identification 
26h,2Ch Reserved 

2Dh Additional flags 

2Eh,2Fh Checksum value 

30h,31h Memory more than 1 megabyte 
32h Century, part of time and date function 
33h System information 

34h, 35h Reserved 

36h, 3Fh System Password 


———————ssá—— — —————————————————— n Ó———————————n——]———H—À———'————————————]——————J—————————————————— nsssssg 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 6-37 


Status Register Byte OAh 


BIT 
26543210 


These bits specify the divider frequency for the clock. 
The default value is 0110 (1.024 kHz). 


These bits specify the time base frequency. 
The default value is 010 (32.768 kHz). 


0 
1 


OK to read device 
Time update in progress 
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Status Register Byte OBh 


BIT 
76543210 
L— 9 = No Daylight Savings Time (default) 
] = Daylight Savings Time selected 
0 = 12-hour mode 
] » 24-hour mode (default) 
0 = Time and Date in BCD format (default) 
] = Time and Date in Binary format 
0 = Output Disabled (default) 
] = Enables frequency output selected by Status register A 
0 = Disable End-of-update Interrupt (default) 
] = Enable End-of-update Interrupt 
0 - Disable Alarm Interrupt (default) 
] = Enable Alarm Interrupt 
0 = Interrupt Disabled (default) 
1 = Enable Interrupt at frequency specified by Status register A 
0 = Normal operation 
1 = Disable Time Updating so that time can be set 


Status Register Byte OCh--Read Only 


BIT 
76543210 


LLL T 0000 (Reserved) 
l 


= End-of-update Interrupt Flag 


l = Alarm Interrupt Flag 


l = Periodic Interrupt Flag 


- 
I 


Interrupt Output Signal Active 
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Status Register Byte ODh--Read Only 


BIT 
76543210 
000000 (Reserved) 


l 
0 


Real-time clock has not lost power 
Real-time clock has lost power 


NOTE: Reading the Status register automatically resets bit <7>. 


Configuration Byte OEh--Diaanostic Status Byte 


BIT 
76543210 


= 00 (Reserved) 
! ] = Time is not valid 

] = Fixed disk drive controller error 

l = The amount of memory detected during the system 
initialization is not the same as the amount specified 
in the configuration memory. 

l = System initialization equipment check does not match the 
equipment specified in the configuration memory. 

] = Checksum bad--ROM error 


l = Real-time clock has lost power 
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Configuration Byte OFh--Reset Code Byte 


The reset code tells the system what to do after the CPU is reset. The reset code 
identifies the type of, or reason for, reset. The reset code also provides a 
method of resetting the system without losing previously stored data or to return 
the system to the Real mode from the Protected mode. Although the reset logic to 
return the processor to Real mode exists in COMPAQ DESKPRO 386s, it is there only 
for compatibility with 80286-based products. The 803865X itself provides an 
alternate method (resetting the PE bit) that is much more efficient. 


BIT 
76543210 
00h = Normal power-on reset 
04h = Proceed to load DOS from disk 
05h = Jump to reset vector 0040:0067 after initializing both 
8259A interrupt controllers 
09h = Block Move return 
OAh = Jump to reset vector 0040:0067 without initializing the 


8259A interrupt controllers 


Configuration Byte 10h--Diskette Drive Type 


BIT 
76543210 


Secondary (drive 2) Diskette Drive Type: 


0000 = no diskette drive 

0001 = 360-Kbyte diskette drive 
0010 = 1.2-megabyte diskette drive 
0011 = Reserved 

0100 = 1.44-megabyte diskette drive 
0101 = Reserved 


Uti = Reserved 


Primary (drive 1) Diskette Drive Type (same values as above) 
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Configuration Byte 12h--Fixed Disk Drive Type 


Bits Function 
«7..4» Value defines first fixed disk drive type: 
Value Type 
0000 None 
0001..1110 1..14 
1111 Other--see byte 19h 
<3..0> Value defines second fixed disk drive type (use table above) 


and byte 1Ah. 


NOTE: This byte identifies the type of fixed disk drive used, not the capacity. 


Configuration Byte 13h--Keyboard Options 


BIT 


76543210 
am 


Power-on password installed 


0 = No 
] = Yes 
Network Server mode selected 
0 = No 
l = Yes 
(Reserved) 
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Confiquration Byte 14h--Equipment Installed 


BIT 
76543210 
L— 0 = No diskette drives are installed 
1 = Diskette drives are installed 
0 = No coprocessor is installed 
1 = A coprocessor is installed 


00 (Reserved) 


Type of video display controller and operating mode 


00 = Reserved 

01 = Color/graphics, 40-column 

10 = Color/graphics, 80-column 

11 = Monochrome/text 

Number of diskette drives installed 

00 = 1 drive 

01 = 2 drives 

10 = Reserved 

11 = Reserved 
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Configuration Bytes 15h and 16h--Base Memory Size 


Bytes 15h and 16h comprise a 16-bit value that specifies the base memory size in 
increments of 1 Kbyte (1024 bytes). The word is stored with the least-significant 
byte at the lower address (15h in this case). 


The following tabulation lists the valid memory sizes for the base memory size: 


Byte 16h Byte 15h Memory Size (in Kbytes) 
01h 00h 256 
02h 00h 512 
02h 80h 640 


Configuration Bytes 17h and 18h--Extended Memory Size 


Bytes 17h and 18h comprise a 16-bit value that specifies the extended memory 

size in increments of 1 Kbyte (1024 bytes). The word is stored with the 
least-significant byte at the lower address (17h in this case). The extended 
memory size does not include the COMPAQ Built-in Memory or the 128 Kbyte reserved 
for system use. See Chapter 4, "Memory and Memory Expansion," for a description of 
the memory architecture. 


The following tabulation lists the valid extended memory sizes for memory on all 
memory option boards: 


Byte 18h Byte 17h Memory Size (in Kbytes) 
02h 00h 912 

04h 00h 1024 

06h 00h 1536 

08h 00h 2048 


———————————————————————————————Á—ÓÓ—————————ÀLLLLLLLLL 


l————————————AÁ'AÁmQ————-"-"———"——MÀÀMIHÜ U 
COMPAQ DESKPRO 386s Personal Computer 


77 aI 
4y 4 
a 6-44 CPU Support 


Configuration Byte 19h--Drive C Type 


If the disk drive is an extended drive type (type 15 or greater) bits «7..4» of 
byte 12h contain 1111 (binary). 


The type of drive in drive C appears in byte 19h. For a 40-megabyte fixed disk 
drive type 43, this byte contains 2Bh, which is the hex value of the type. ror a 
110-megabyte fixed disk drive type 33, this byte contains 21h. 


Configuration Byte 1Ah--Drive D Type 


If the disk drive is an extended drive type (type 15 or greater) bits <3..0> of 
byte 12h contain 1111 (binary). 


The type of drive in drive D appears in byte 1Ah. For a 40-megabyte fixed disk 
drive type 43, this byte contains 2Bh. 


Configuration Byte 24h, 25h--Identification Bytes 


These bytes are used to store system identification and configuration information 
when running SETUP (version 6.0 or later). They contain no valid data until 
after SETUP has loaded them. After SETUP, byte 24h contains 5lh and byte 25h 
contains Ol. 
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Confiquration Byte 2Dh--Additional Flags 


This byte allows the configuration of special features. These features are 
applicable only if the video graphics controller is disabled. 


BIT 
76543210 
L— 9 = Monitor other than COMPAQ monitor 
1 = COMPAQ Video Graphics Monochrome Monitor 
0 = Disable keyclick 
l = Enable keyclick 


00000 (Reserved) 
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Configuration Bytes 2Eh and 2Fh--Memory Checksum 


Value stored is the checksum for configuration memory addresses 10h..2Dh. 
Byte 2Eh = High byte of checksum 
Byte 2Fh = Low byte of checksum 


Configuration Bytes 30h and 31h--Memory Over 1 Megabyte 


Value indicates amount of system memory in excess of 1 megabyte. These bytes are 
updated by the BIOS during the power-on sequence. 


Byte 31h Byte 30h Memory Size (In Kbytes) 
02h 00h 512 
04h 00h 1024 
06h 00h 1536 
08h 00h 2048 
OAh 00h 2560 
OCh 00h 3072 
OEh 00h 3584 
10h 00h 4096 
12h 00h 4608 
14h 00h 5120 
16h 00h 5632 
18h 00h 6144 
LAh 00h 6656 
1Ch 00h 7168 
LEh 00h /680 
38h 00h 14336 
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Configuration Byte 32h--Date, Century 


This is the century part of the current time and date encoded in BCD (Binary-Coded 
Decimal). The BIOS sets and reads this value. 


Configuration Byte 33h--System Information 


BIT 


76543210 


LLLLL LI 000000 (Reserved) 


Used by SETUP program 


l = More than 1-megabyte of memory is installed 


Configuration Byte 36h-3Fh --System Password 


These configuration bytes store the 7-byte system password which is entered when 
running SETUP. 
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I/O SUBSYSTEM 


7.1 


1.2 


INTRODUCTION 


This chapter describes support for both the system board asynchronous 
communications interface and the parallel printer interface. 


This chapter provides the following information: 

" I/O address decoding (7.2) 

a Asynchronous communications support (7.3) 

= Parallel printer support (7.4) 

Other I/O related controller circuits, such as the VGA controller, keyboard 
controller, and disk drive controllers, are discussed in later chapters which cover 


the peripheral controlled by the circuits. For example, the VGA controller 
circuits are discussed in Chapter 9, "Video Subsystem.” 


I/O ADDRESS 
DECODING 


The COMPAQ DESKPRO 386s Personal Computer can use 16 address lines (A<15..0>) and 
the control lines (M/IO- and R/W-) to specify up to 64-Kbyte I/0 locations. 


The I/O addresses on the system board are 000h to OFFh, 878h, 87Fh, and C7Ch. 1/0 
addresses on adapter boards range from 100h to FFFFh. 


Address line A23 is also decoded to provide I/0 ports 8000F8h to 8000FFh for the 
coprocessor. A23 is normally 0 for 8- and 16-bit port I/O associated with the 
expansion bus. 


Expansion boards (for memory, disk, and video) must have their own I/0 decoding for 
the I/O-mapped devices on that board. The decoding is described in the chapter on 
each specific device. 


The primary I/O-decoding devices are PAL and gate array devices that use control 


lines and address lines to provide the device select lines (by port number) for the 
system board programmable devices. 
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Figure 7-1 is a simplified block diagram of I/O address decoding for the g 
system board. 
Control 
80.586 C ——— 
CPU DINIDINGNDDINUNDINGUN Controller 


Address 


: DMA Controllers 
us 


DMA Memory 
Page Register 


Interval Timers 
Keyboard/Aux Controller 


Interrupt Priority 
Encoders , 


Real—- Time Clock and 
Configuration Memory 


1/0 


Decoders 


Floppy 


Video 


Hard Drive 


Printer Port 


Serial Port 


Figure 7-1. I/O Address Decoding Simplified Block Diagram 
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ASYNCHRONOUS 
COMMUNICATIONS 
SUPPORT 


The major component of the asynchronous serial communications circuit is an NS16450 
Asynchronous Communications Element (ACE) or functionally equivalent device. This 
device changes data received in a parallel format from the system to data in a 
serial format for the modem or for another serial device, such as a serial printer. 
The NS16450 also performs the reverse function: changing data received in serial 
format to parallel format. 


The NS16450 is I/0-mapped at addresses 3F8h..3FFh or 2F8h..2FFh, depending on 
whether COM1 or COM2 is selected. COMI or COM2 is selected by setting switches on 
the system board. For switch setting information, see Appendix B, "Switches, 
Jumpers, and Connectors." 


The I/O port addresses are given in Table 7-1. 


Table 7-1. 1/0 Addresses for Asynchronous Communications 


COM 
l 2 Function Read/Write 
3F8h 2F8h Receiver Buffer (when read by system), 
Transmitter Holding register (when written to by system) 
OR 
(see note) Baud Rate Divisor Latch R/W 
3F9h 2F9h Interrupt Enable or 
(see note) Baud Rate Divisor Latch R/W 
3FAh 2FAh Interrupt ID RO 
3FBh 2FBh Line Control R/W 
3FCh 2FCh Modem Control R/W 
3FDh 2FDh Line Status RO 
3FEh 2FEh Modem Status RO 
3FFh 2FFh Reserved 


NOTE: When bit </> of the Line Control register (LCR) is set (=1), writing to the 


first two ports programs the divisor rate for the baud rate generator. 


The following is a detailed description of the ACE device registers. 


7*3 
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Receiver Buffer or Transmitter Holding (3F8h 


This register contains the byte just received or the next byte to be transmitted 
by the ACE. 


Baud Rate Divisor Latch (3F8h, 3F9h, Read/Write) 
The NS16450 contains a built-in baud rate generator that divides the input clock 
(1.8432 MHz) by a divisor to create a desired baud rate or serial transmission 
frequency. (Bit <0> = 1.) 
The divisor is found according to the formula: 

Divisor = 1843200 / (Desired Baud Rate x 16) 


Table 7-2 defines the baud rates and divisors. 


Table 7-2. Baud Rate Divisor 


Baud Rate Divisor 
110 1047 
150 768 

300 384 

600 192 
1200 96 

2400 48 

4800 24 

9600 12 
19200 6 


When bit <7> of the Line Control register = 1, the ACE Baud Rate Divisor Latch is 
enabled at 3F8h and 3F9h (2F8h, 2F9h). 
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Interrupt Enable (3F9h, Read/Write 


The bits of this register enable up to four interrupt sources. The register 


format is: 
BIT 
76543210 
L ] = Baud Rate Divisor 
0 = Interrupt enabled 


l = Transmitter Holding register empty Interrupt enabled 


1 


Receiver Line Status Interrupt enabled 
] = Modem Status Interrupt enabled 


0000 (Reserved) 


Interrupt ID (3FAh, Read Only) 


This register contains 1 bit that flags the ACE as the source of the interrupt and 
2 bits that specify the reason for the interrupt. The ACE interrupts are 
prioritized, listed below with the lowest-priority interrupt first. To clear the 
interrupt, read the contents of the register shown. 


BIT 
76543210 


0 = Interrupt is pending (this device sent interrupt) 


00 = Modem Status register--Clear To Send, Data Set Ready, Ring 
Indicator, or Carrier Detect 

01 = Transmitter Holding register Empty 

10 = Received Data Available 

11 = Receiver Line Status register (Overrun Error, Parity Error, 


Framing Error, or Break) 


00000 (Reserved) 
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Line Control (SFBh, Read/Write) 


This register specifies the serial data transmission format. 


BIT 
76543210 

L-L— 00 = 5-bit word 
01 = 6-bit word 
10 = 7-bit word 
11 = 8-bit word 
0 = 1 Stop bit 
] = 2 Stop bits 
] = Parity bit enabled 
0 = Odd parity 
] = Even parity 


] = Stick Parity--with even parity enabled, the parity bit becomes 
active low 


] = Break Control bit--forces SOUT signal low 
0 = Enable Receiver Buffer/Transmitter Holding registers and 


Interrupt Enable register Access 
] = Enable Divisor Latch Access to write Baud Rate Divisor 
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Modem Control (3FCh, Read/Write) 


This register controls the modem interface lines. 


BIT 
76543210 


B ] = DTR- signal active 
] = RTS- signal active 
0 (Reserved) 
] = Enable Serial Port Interrupts 
] = Enable Internal Loopback 
000 (Reserved) 


Line Status (3FDh, Read Onl 


This register contains the status of the current data transfer. 


BIT 
76543210 
L— 1 = A character is in the Data register to be read 
] = Overrun Error--data lost 
l = Parity error 
] = Framing error 
] = When a Break Interrupt has occurred 
] = Transmitter Holding register is empty, ready for character 
l = Transmitter Holding register and Transmitter Shift register 
are empty 


0 (Reserved) 
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Modem Status (3FEh, Read Onl 


This register contains the status of the interface lines. 


BIT 
76543210 


= CTS- has changed state since last read by the system 


n 


- DSR- has changed state since last read by the system 
] = RI- has changed state since last read by the system 
] = DCD- has changed state since last read by the system 
] = CTS- signal active 

1 = DSR- signal active 

] = RI- signal active 


1 = DCD- signal active 


Reserved (3FFh) 


This register is not currently used. 
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PARALLEL PRINTER 
SUPPORT 


The printer circuits are addressed as ports. Data are sent in parallel to the 
printer, and printer status is received from the printer through these ports. 
Switches 6 and 7 on switchbank SW2, located on the system board, select the primary 
and secondary ports for LPT1 and LPT2. These switches are shown in Appendix B, 
"Switches, Jumpers, and Connectors." 


Before printing, the system must select the printer for output (through the Printer 
Control register). For each byte sent to the printer: 


I. The system checks the Printer Status register. If the busy, paper out, or 
printer fault signals are active, the system either waits until the status 
changes or it shows an error message. 


2. The system sends a byte of data to the Printer Data register, then pulses the 
printer STROBE signal (through the Printer Control register) for 500 ns 
(or more). 

3. The system then monitors the Printer Status register for acknowledgement of the 


data byte before sending the next byte. 


In addition to data lines to the printer, the system also has several lines that 
control printer functions. 


Printer functions are controlled by writing to or reading from I/0 ports. The 
printer access I/O Ports are given in Table 7-3. 


Table 7-3. 1/0 Ports For Printer Access 


Primary Secondary 

Port Port Read/Write Function 
3BCh 378h R/W Printer Data register 
3BDh 379h R Printer Status register 
3BEh 37Ah R/W Printer Control register 


The printer interface is enabled or disabled by setting jumper E7 on the system 
board. Refer to Appendix B, "Switches, Jumpers, and Connectors," for the settings. 
When the printer port is disabled, the printer port of a different controller can 
be used instead. 


[=9 
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The following paragraphs describe the registers in detail. 


Printer Data (3BCh or 378h) 


Each byte written to the Printer Data register (read or write) is latched into a 
loopback register and is sent to the printer. The register contents can be read 
back (for test purposes). 


Printer Status (3BDh or 379h, Read Only) 


This register contains the current printer status. 


BIT 
76543210 


LIL 000 (Reserved) 


Printer error 


© 
li 


] = Printer selected (on line) 

] = Out of paper 

0 = Printer acknowledges correct receipt of data byte 
0 = Printer busy 
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Printer Control (3BEh or 37Ah, Read/Write 


This register provides the printer control functions. 
BIT 


76543210 
Printer strobe 
Printer auto line feed 
Initialize printer 


iM 
l 
l 
l 
000 (Reserved) 


© 
I 


Printer select 
Enable interrupt bit 
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8.6 FIXED DISK DRIVE INTERRUPTS (Continued) 
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8.9 PROCESSOR INTERRUPTS (Continued) 


INT OCh - CPU - Stack Segment Overflow - HW - IRQ4, Comm, Primary 
INT ODh - CPU - General Protection - HW - IRQ5, Not Used 
INT OEh - CPU - Page Fault - HW - IRQ6, Diskette Drive Interrupt 


8.10 SYSTEM INTERRUPTS 


INT 02h - HW - Non-Maskable Interrupt (NMI) 

INT 11h - SW - Equipment Configuration 

INT 12h - SW - Base Memory Size 
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System Configuration Table 
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INT 15h, AH = C2h, AL = 02h - Set Pointing Device Sample Rate 
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8.10 SYSTEM INTERRUPTS (Continued) 
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8.11 TICK COUNTER/REAL-TIME CLOCK 


(RTC) INTERRUPTS 
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8.12 VIDEO INTERRUPTS 
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BIOS 


8.1 


INTRODUCTION 


The basic input/output system--BIOS--of a computer is the collection of read-only 
machine-language programs that control the most fundamental processes or functions of 
the system, such as: 


= Execution of power-on self tests 
= Initialization of the system 


= Interaction with the display, diskette and fixed disk drives, communications 
devices, and peripheral devices 


The system ROM of the COMPAQ DESKPRO 386s Personal Computer supports in addition: 

= Auxiliary input device 

= Password support 

= Video Graphics Controller (VGC) 

The BIOS for the COMPAQ DESKPRO 386s Personal Computer resides in two ROMs installed 


on the system board. One ROM holds even-numbered byte addresses: the other holds 
odd-numbered byte addresses. 
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Processor Identification 
Routine 


The following routine relies on Intel approved code, which uses the flag word s high 
nibble in the Real mode of various processors. The most-significant bit (MSB) 

(bit <15>) is always 1 on the 8086 and 8088 and 0 on the 80286, 80386, and 803865X. 
Bit «14» (NT flag) and bits «13..12» (IOPL bit field) are always 00 on the 80286, but 
can be set on the 80386 and the 803865X. 
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For future compatibility of this test, it is strongly recommended that this specific 
instruction sequence be used. The exit codes can be changed to fit a particular need. 


:CALLABLE FROM REAL MODE ONLY 
:ENTRY: (none) 
0086h if 8086 or 8088 


;EXIT: AX = processor type: 


USED: AX 


;STACK: 6 bytes 


0286h if 80286 
0386h if 80386 or 80386SX 


cpu. type near 
pushf 
xor ax,ax ; 0000 into AX 
push ax 
popf ; Try to put that in flags 
pushf ; 
pop ax ; Look at what really went 
; into flags 
and ax,0F000h ; Mask off high flag bits 
cmp ax, 0F000h ; Q: Was high nibble all 
ones? 
je is. 86 ; Y: It's an 8086 (or 
8088) 
mov ax, 0F000h ; N: Try to set the high 
bits 
push ax 
popf ; ...in the flags 
pushf : 
pop ax ; Look at actual flags 
and ax, 0F000h ; Q: Any high bits set ? 
je is 286 > N: It's an 80286 
is_386: ; 
mov ax, 0386h ; Y: It's an 80386 or 80386SX 
jmp short ct exit; 
is 2860: 
mov ax,0286h : It's an 80286 
jmp short ct exit; 
is 86: 
mov ax,0086h ; It's an 8086 or 8088 
ct exit: 
popf ; Restore original flags 
ret NAS RETURN 855 
cpu type endp 
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Coprocessor Identification 
Routine 


The following two routines determine whether or a coprocessor is present and also 
distinguishes between the 80387, 80387SX, 80287, and the 8087 coprocessors. These 
routines rely on Intel-approved code. Use these routines exactly as listed to 
maintain compatibility with future products in the Intel family. 

These routines, which require no parameters, return (in AX) the value 0 if no 
coprocessor is present, 2 if the 8087 or 80287 coprocessor is present, and 3 if the 
80387 or 8038SX coprocessor are present. The routines do no attempt to distinguish 
between the 8087 and the 80287 or the 80387 and the 80387SX coprocessors. Should a 
program need to distinguish between them, the processor identification routine can 
be used in conjunction with this routine. If the coprocessor routines return a 
value of 2 and the CPU is a 80286, the coprocessor is a 80287; if the CPU is a 
8086, the coprocessor is a 808/7. 


The version 1 routine (BIOS), which is the recommended routine, invokes the 
standard BIOS function to report an equipment configuration word. Bit <l> of the 
equipment configuration word indicates the presence (or absence) of a coprocessor 
(in a standard configuration). 


The version 2 routine (HARDWARE) detects the coprocessor at a hardware level. In 
this version, specific patterns of Os and ls in selected bits are read in the 
status word. A pull-up resistor on one data line ensures that at least one 
non-zero bit is read in the coprocessor status word to detect the absence of a 
coprocessor. If a coprocessor is detected, a test that is logically the same as 
the version 1 routine is then run. 
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[Intel Numeric Coprocessor Identification Routine (BIOS) 


No parameters on entry 
If present, NPX is reset via FNINIT 


0 if no coprocessor is present 
2 if 8087 or 80287 
3 if 80387 or 80387SX 


;save original flags 

;BIOS - Get Equipment Word in AX 
;Is NPX-present bit set ON? 

,AX = 0, indicating no NPX present 


NPX present --wait states are now safe to use 


Version 1 
; NPXTYPE 
returns AX - 
Registers: AX 
Flags: Unchanged 
.087 
npxtype proc near 
pushf 
int ]1h 
and ax, 
jz npxt ypex 
NOTE: 
fninit 
fidi 
f ldz 
fdiv 
fld st 
fchs 
fcompp 
push bp 
push bp 
mov bp,sp 
fstsw word ptr [bp] 
mov ax, [bp] 
sahf 
pop bp 
pop bp 
mov ax, 
fninit 
je npxt ypex 
mov ax,3 
fninit 
npxtype: 
popf 
ret 


npxtype endp 


;set NPX in known state 

;Load a one 

;Load a zero 

;Divide by zero to yield infinity result 
;Load a copy of the infinity value 
;And try to negate it 

;Test for any difference (and remove) 
; Save BP 

‘Content irrelevant, just adjusting SP 
;oet BP as base register 

;Retrieve the resulting status word 
;Get condition code bits into AX 

;And from there to CPU flags 

; (Restore stack) 

; (Restore BP) 

;Presume same, AX-2 for 8087 OR 80287 
;Place coprocessor in known good state 
;Earlier NPX if equal 

;Else it's an 80387 or 80387SX 

;set NPX in known state 

;AX contains 0..3 as appropriate 
;Restore original flags 
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Version 2 
Intel Numeric Coprocessor Identification Routine (HARDWARE) 
; NPXTYPE No parameters; CPU in Real Mode 
If present, NPX is reset via FNINIT 
Returns AX = 0 if no processor is present 
2 if 8087 or 8028/7 
; 3 if 80387 or 8038/5X 
Registers: AX 
Flags: Unchanged 
.£87 
nptype proc near 
pushf :Save original flags 
push bp ; Save BP 
fninit ‘Initialize NPX 
mov ax, 5A5Ah :Put non-zero value 
push ax :[nto modifiable memory 
mov bp,sp -Use BP for base addressing 
fnstsw word ptr [bp] Retrieve status 
mov ax, 0 :Preset no-NPX-present value 
cmp byte ptr Test for all bits cleared by FNINIT 
jne npxtypex :AX = 0, indicating no NPX present 


fnstcw word ptr 
mov ax, [bp] 
and ax, 103Fh 
cmp ax,3Fh 


mov ax ,0 

jne npxt ypex 
E NOTE: 

fldl 

f ldz 

fdiv 

fid st 

fchs 

fcompp 

fstsw word ptr [bp] 

mov ax, [bp] 

sahf 

mov ax,2 

je npxt ypex 

mov ax,3 

pop bp 

pop bp 

popf 

ret 


npxtype ndp 
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‘Get control word to confirm 
‘Properly installed NPX 

‘Using selected bits 

‘Check for ls and Os properly read 
:AX = 0 again presuming no NPX 
:No, no NPX installed 


NPX present - wait states are now safe to use 


:Load a one 

‘Load a zero 

‘Divide by zero to yield infinity result 
:Load a copy of the infinity value 
:And try to negate it 

‘Test for any difference (and remove) 
‘Retrieve the resulting status word 
‘Get condition code bits into AX 

: And from there to CPU flags 

-Presume same, AX=2 for 8087 OR 80287 
-Earlier NPX if equal 

‘Else it's an 80387 or 80387SX 

Clear work value off stack 

‘Restore BP 

Restore original flags 
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Fundamentals of Interrupt 
Service Calls 


BIOS functions are accessed by the 80386SX interrupt (INT) instruction. This is a 
software interrupt, or service call, requesting that a certain function be 
performed. For example, when the 80386SX encounters the instruction INT 10h 

(video I/0), it invokes the program or routine in the BIOS memory that controls the 
video functions for the COMPAQ DESKPRO 386s Personal Computer. 


Before the INT instruction can be used, the 80386SX registers must be set up with 
the values assigned to the function desired. The formats for the 80386SX register 
values are described at each function. The values in the 80386SX register after 
the function call (INT) also depend upon the function. To prevent major software 
problems, routines interfacing to higher level language programs (such as BASIC, C, 
Pascal, or Prolog) that use service calls must be written so as to ensure that when 
a function is complete the register values are returned to the pre-service 

call state. 


When the 80386SX is operating in Real mode, the system stores a software interrupt 
vector table in RAM, starting at address 0000:0000 (segment:offset). A vector is a 
pointer to another location. For example, memory locations 40h..43h contain a 
vector to the video interrupt service routine; when INT 10h (video I/0) is called, 
the 80386SX looks to memory locations 40h..43h for the address of that routine. 

In Protected mode, the vector table can begin anywhere in physical memory as 
defined by the IDT (Interrupt Descriptor Table) base register in the 80386SX. 


Interrupts caused by hardware devices also have service routines in memory. 
The vectors for these interrupts are included in the interrupt memory location 
tables in this chapter. 


some interrupt calls have more than one function available, requiring some method 
of specifying which function is desired. This information is provided by loading 
the AH register with the number of the desired function before the INT instruction 
is issued. 


In some cases, more than one parameter (value) must be loaded into the 80386SX 
registers before the INT instruction is issued. Before using a software INT 
b instruction, always ensure that all registers are properly set. 
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All register contents, except for the AX register and any other register 
specifically mentioned in the corresponding INT section, are preserved when the 
interrupt service calls return to the calling program. 


BIOS Initialization 


When the 80386SX processor is reset, execution begins at address FFFFFOh, which is 
located in the system BIOS ROM. Processor reset always occurs when the computer is 
turned on (a "cold start"). It can also be initiated by holding down the CTRL and 
ALT keys, then pressing the DEL key (a "warm boot"). Finally, processor reset can 
occur under program control, usually to resume program execution in Real mode. 


The BIOS senses an initial "power-on. condition when the system flag (bit <2>) in 
the 8042 keyboard controller status port is 0. Subsequent power-on functions 
performed by the BIOS consist of device initialization, diagnostic tests, 
configuration sensing and verification, and bootstrapping from either the diskette 
or the fixed disk drive. 


Normal Reset 


Normal reset begins by initializing the programmable devices on the system board, 
turning off the diskette drive motors, and programming the video display 
controllers. The first 128 Kbytes of RAM, the minimum amount that must be 
operational for the system to proceed, are then tested. If this minimum amount is 
found to be faulty, the message "XX000B YYZZ 201 - Memory Error" is displayed. 

(For an explanation of error messages, see Appendix A, "Error Messages and Codes.) 


After the first 128 Kbytes of memory are tested, a BIOS stack (SS:SP) is 
established and the BIOS RAM is initialized. Next, devices on the system board are 
tested; any errors are reported to the active display, including the remaining Base 
and Extended memory. Once all system memory is tested, parity (NMI) and other 
interrupts are enabled. 


The Timer-Ticks-Since-Midnight counter in RAM at 0040:006C is initialized based on 
the time contained in the real-time clock (RTC). The keyboard, diskette drive, and 
fixed disk drive and their respective controllers are then initialized and tested. 
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b In preparation for operation in an environment compatible with 8088/8086-based 
hardware, the A20 gate is disabled, enabling 20-bit address wraparound. 


At this point, any video BIOS ROMs on the expansion bus are scanned (The COMPAQ 
DESKPRO 386s Personal Computer contains VGC ROM in the system ROM rather than in a 
separate video ROM.) If found, control is transferred to the ROMs via a FAR CALL 
to the ROM segment at offset 0003h. After the video ROMs are scanned, housekeeping 
functions are performed: checking the configuration memory for discrepancies, 
clearing the screen, setting the Reset Word at 0040:0072 to 0000h, and beeping the 
speaker according to current processor speed. 


Before the system is bootstrapped, hardware interrupts IRQ1 (for the keyboard) and 
IRQ9 (a chain to IRQ2) are also enabled. Control then transfers to INT 19h, the 
system bootstrap. 


Software Reset 


Because the processor can be reset for a variety of software-related reasons, a 
byte in the configuration memory (OFh) has been set aside to record a "reset code." 
This code is loaded immediately before the 8042 (keyboard controller) is requested 
to issue a system reset command and is examined afterwards to tell the BIOS what 
operation was in effect before the reset. When a vector is needed for a return 
address or a pointer to a saved environment, the reset vector at address 0040:0067 
is used. 


several reset codes have been set aside for use when system software needs to 
switch from Protected mode to Real mode. These are listed in Table 8-1. 
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Table 8-1. Reset Codes 


Code Function Action Reset Vector (0040:0067) 

00h Normal reset Not used 

04h Reset with Not used 
Boot Request 

05h Return EOI Return address (CS:IP) 

09h Return from Pointer to stack frame (SS:SP) (used internally 
Block Move by BIOS INT 15h, AH = 87h) 

OAh Return without EOI Return address (CS:IP) 


Other reset codes are reserved by the BIOS, but they should not be used. On return 
to the destination environment, the stack segment (SS) and stack pointer (SP) 
registers point to an area in BIOS RAM for all reset codes except for code 09h, 
Return from Block Move. This function uses the reset vector at 0040:0067/ as a save 
area for SS:SP, a stack-frame pointer. The stack frame stores the 803865X 
registers in the following order, beginning at offset «00h (top of stack): DS, ES, 
DI, SI, BP, SP, BX, DX, CX, AX, IP, CS, and flags. 
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BIOS INTERRUPTS 
SUMMARY 


This section summarizes the interrupt calls used for each system function and the 
memory locations used by the BIOS for those functions. 


The interrupts are grouped by function and presented in this chapter in 
alphabetical order: 


Asynchronous communications = Printer 

Coprocessor = Processor 

Diskette drive B System 

Fixed disk drive = Tick counter/real-time clock 
Keyboard/auxiliary input device B Video 


Miscellaneous 


Within each functional set of interrupts, individual interrupts are ordered by 
ascending hex number. 


Interrupts are classified into four categories according to their sources: 
software (SW), central processing unit (CPU), hardware (HW), and pointer (PTR). 


SW interrupts are issued by application programs or system software; interrupt 
service routines are provided by the BIOS ROM or other user-supplied system 
software; these interrupts form a standardized interface among applications 
programs, system software, and BIOS firmware 


CPU interrupts are initiated by the 803865X processor or the 80387SX coprocessor 
as a result of a processing exception; for example, executing an invalid opcode 
causes an INT O6h 


HW interrupts are initiated by device signals on the 80386SX's Non-Maskable 
Interrupt (NMI) or Interrupt (INTR) pins; signals on the INTR pin are 
arbitrated by interrupt controllers; an interrupt-acknowledge cycle by 

the 80386SX requests the active interrupt controller to place the actual 
interrupt number on the bus 


COMPAQ DESKPRO 386s Personal Computer 


BIOS 


= PTR interrupts are not used to transfer program control; they are 4-byte 
pointers in low address memory, named for the interrupt-vector location they 
occupy; these pointers typically point to video, diskette drive, or fixed disk 
drive controller parameters, character dot-pattern tables, or tables of 
other pointers 


In the discussion of individual interrupts, each will be introduced by a header 
indicating the hex number of the interrupt, its category, its function(s), and 
[in brackets] the RAM location in which its vector is stored, as in the 
following example: 


example: INT 13h - SW - Fixed Disk Drive I/0 [0000.004C] 


Subsets of an interrupt are introduced by a header indicating the hex number, the 
input values, and the interrupt function, as in the following example: 


example: INT 13h, AH = 02h = Read Sectors 


Table 8-2 summarizes all the BIOS interrupts in ascending order by hex number. 
Where two interrupts share a single address, both are listed at the appropriate hex 
number. All the interrupts listed take 4 bytes. 


In addition to the section of RAM used for the interrupt vectors, the system BIOS 
uses another section of RAM for status information and buffers for data transfers 
and other operations. These addresses are shown in Table 8-3. 


Table 8-2. BIOS Interrupts Summary (all take 4 bytes) 
RAM Location 


INT Type Function Address 
00h CPU Divide by Zero 0000:0000 
Olh CPU Single Step 0000:0004 
02h HW Non-Maskable Interrupt (NMI) 0000:0008 
03h CPU Software Breakpoint 0000:000C 
04h CPU Arithmetic Overflow 0000:0010 
05h SW Print Screen 0000:0014 
CPU Bound Exceeded 
06h CPU Invalid Opcode 0000:0018 
(Continued) 
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Table 8-2. (Continued) 


RAM Location 


INT Type Function Address 
07h CPU Coprocessor not present 0000:001C 
08h CPU Double Fault Error 0000:0020 
HW IRQO, Tick Counter 
09h CPU Coprocessor Segment Overrun 0000:0024 
HW IRQ], Keyboard 
OAh CPU Invalid TSS 0000:0028 
HW Simulated IRQ? 
OBh CPU segment Not Present 0000:002C 
HW IRQ3, Comm, Secondary 
OCh CPU Stack Segment Overflow 0000:0030 
HW IRQ4, Comm, Primary 
ODh CPU General Protection 0000:0034 
HW IRQ5 (not used) 
OEh HW IRQ6, Diskette 0000:0038 
OFh HW IRQ7, Printer 0000:003C 
10h SW Video 1/0 0000:0040 
11h SW Configuration 0000:0044 
12h SW Base Memory Size 0000:0048 
13h SW Diskette Drive I/O 0000: 004C 
SW Fixed Disk Drive I/0 
14h SW Communications I/0 0000:0050 
15h SW BIOS Extension 0000:0054 
16h SW Keyboard I/0 0000:0058 
17h SW Printer I/0 0000: 005C 
18h SW Boot Fail 0000: 0060 
19h SW Bootstrap 0000:0064 
LAh SW Tick Counter/RTC 0000:0068 
1Bh SW Control-Break Service 0000: 006C 
1Ch SW Tick Counter Service 0000:0070 
1Dh PTR Video Controller Board Parameters 0000:0074 
]Eh PTR Diskette Parameter Table 0000:0078 
]Fh PTR External Graphics Character Set 0000:007C 
w 40h SW Diskette Drive I/O 0000:0100 
(Continued) 
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RAM Location 


INT Type Function Address 
41h PTR Fixed Disk Drive 1 Parameters 0000:0104 
46h PTR Fixed Disk Drive 2 Parameters 0000:0118 
4Ah SW RTC Alarm Service 0000:0128 
70h HW IRQ8, Real-Time Clock (RTC) 0000:01C0 
71h HW IRQ9, (redirected to IRQ2) 0000:01C4 
72h HW IRQ10, (not used) 0000:01C8 
73h HW IRQ11, (not used) 0000:01CC 
74h HW IRQ12, Aux Pointing Device 0000:01D0 
75h HW IRQ13, Coprocessor Error 0000:01D4 
76h HW IRQ14, Fixed Disk Drive 0000:01D8 
77h HW IRQ15, Power 0000:01DC 
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In addition to using a section of RAM for the vector table (listed in Table 8-2), 
the system BIOS uses another section for status information and buffers for data 
transfers. Table 8-3 lists these locations. 


Table 8-3. RAM Locations Used by the BIOS for Status Information and Buffers 


Address Bytes Function 

0040:0000 2 Base address of Comm Port 0 (COMI) 
0040:0002 2 Base address of Comm Port 1 (COM2) 
0040:0004 2 Base address of Comm Port 2 

0040:0006 2 Base address of Comm Port 3 

0040:0008 2 Base address of Printer Port 0 (LPT1) 
0040:000A 2 Base address of Printer Port 1 (LPT2) 
0040:000C 2 Base address of Printer Port 2 (LPT3) 
0040:000E 2 Pointer to extended BIOS data area 
0040:0010 2 Equipment status 

0040:0012 l Used by power-on diagnostics 
0040:0013 2 Base memory size in Kbytes 

0040:0015 1 Previous scan code 

0040:0016 l Keyclick loudness 


(Continued) 
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Address 

0040:0017 
0040:0019 
0040:001A 
0040:001C 
0040:001E 
0040:003E 
0040:003F 
0040:0040 
0040:0041 
0040: 0042 
0040:0049 
0040:004A 
0040:004C 
0040:004E 
0040:0050 
0040:0060 
0040:0062 
0040:0063 
0040:0065 
0040: 0066 
0040: 0067 
0040: 006B 
0040: 006C 
0040:0070 
0040:0071 
0040:0072 
0040:0074 
0040:0075 
0040:0076 
0040:0077 


(Continued) 
Bytes 
2 
l 
2 
2 


Technical Reference Guide 


Function 

Keyboard Bit Status 

Accumulator for ALT Key Input 

Keyboard Buffer Pointer - Head 

Keyboard Buffer Pointer - Tail 

Keyboard Type-Ahead Buffer - 16 Entries 
Diskette Drive Status 

Motor Status 

Motor Off Timeout Counter 

Diskette Last Operation Status 

Diskette Drive Controller Status 

Video Mode 

Number of Columns on Screen 

Length of Screen Memory Bytes 

Starting Address for Screen Memory 
Cursor Save Area for Each Page (8 Entries) 
Cursor Mode (Start and End Scan Line) 
Current Page 

Base Address of Active Video Adapter Board 
Current Mode 

Current Color 

Reset Vector 

Interrupt Occurred Flag 

Timer Ticks Since Midnight 
Timer-Rolled-Over Flag 

Break Bit 

Reset Word 

Fixed Disk Drive Status of Last Operation 
Number of Fixed Disk Drives 

Fixed Disk Drive Control Byte 

Reserved 


8-15 


(Continued) 
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Table 8-3. (Continued) 


Address Bytes Function 

0040:0078 1 Timeout for Printer Port 0 (LPT1) 
0040:0079 l Timeout for Printer Port 1 (LPT2) 
0040:007A 1 Timeout for Printer Port 2 (LPT3) 
0040:007B 1 Timeout for Printer Port 3 
0040:007C 1 Timeout for Comm Port 0 (COMI) 
0040:007D 1 Timeout for Comm Port 1 (COM2) 
0040:007E l Timeout for Comm Port 2 
0040:007F l Timeout for Comm Port 3 
0040:0080 2 Keyboard Buffer Begin 

0040: 0082 2 Keyboard Buffer End 

0040: 0084 ] Reserved 

0040:008B 1 Last Data Rate Selected 

0040: 008C l Fixed Disk Drive Status Registered, Last Operation 
0040: 008D l Fixed Disk Drive Error Registered, Last Operation 
0040:008E 1 Interrupt Occurred Flag 

0040: 008F l Diskette Drive Indicator 
0040:0090 1 Drive 1(A) Media State 

0040:0091 1 Drive 2(B) Media State 

0040:0092 l Drive 1(A) Operation Start State 
0040:0093 l Drive 2(B) Operation Start State 
0040:0094 l Drive 1(A) Current Track 
0040:0095 1 Drive 2(B) Current Track 
0040:0096 l Enhanced Keyboard Shift Status 
0040:0097 l Keyboard LED Flags 

0040:0098 4 Pointer to Caller's Wait Flag 
0040:009C 4 Wait Count (32-Bit) 

0040:00A0 l Wait Active Flag 

0040:00A1 95 Reserved 

0040:0100 l Print Screen Status 
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8.3 ASYNCHRONOUS 
COMMUNICATIONS 
INTERRUPTS 


The interrupts for asynchronous communications provide a simplified interface to 
the serial ports. Functions are provided for initializing a serial port, 
transmitting characters, receiving characters, and reading status. 


Asynchronous communications are not hardware-interrupt driven. There are two 


device-oriented interrupts: IRQ4 (INT OCh) for the primary port and IRQ3 (INT 08h) 
for the secondary port. 


During power-on, the BIOS searches for asynchronous communication ports at two 
standard port locations: 3F8h and 2F8h. When a serial port is found, its base 
address is placed in the BIOS memory, beginning at 0040:0000. Therefore, when 
programming a serial port, use the address extracted from the table in BIOS memory 
rather than a hard-coded address. 


The BIOS provides a serial-port time-out function whose length is programmable by 
the user. A 4-byte table in BIOS memory beginning at 0040:007C is reserved for 
setting the time-out values for each serial port. These time-out values are 


initialized to 1 during power-on and can be set to a maximum of 255. Each 
increment is approximately 900 ms. 
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Table 8-4 lists the BIOS asynchronous communications interrupts and memory 
locations used. Legends for the AH functions follow. 


Table 8-4. Asynchronous Communications Interrupts and Memory Locations 


Memory 

Interrupt Type Location Bytes Function 

INT OBh HW 0000:002C 4 IRQ3, Comm, Secondary 

INT OCh HW 0000: 0030 4 IRQ4, Comm, Primary 

INT 14h SW 0000:0050 4 Asynchronous Communications 

Memory Locations Affected by Interrupts 

0040:0000 2 Base Address of Com Port 0 
0040:0002 2 Base Address of Comm Port 1 
0040:0004 2 Base Address of Comm Port 2 
0040: 0006 2 Base Address of Comm Port 3 
0040:007C l Time out for Comm Port 0 
0040:007D l Time out for Comm Port 1 
0040:007E l Time out for Comm Port 2 
0040:007F l Time out for Comm Port 3 


INT OBh - HW - IRQ3, Comm, Secondary 

INT OBh is not used by BIOS other than to return control to calling program. 
ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 

INPUT: None 

OUTPUT: None 


USE: The vector for this interrupt can be changed to intercept interrupts from an 
optional secondary communications interface. 
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INT OCh - HW - IRQ4, Comm, Primary 


A hardware interrupt (IRQ4) initiates INT OCh. INT OCh is not processed by the 
BIOS other than to return control to the calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 

INPUT: None 

OUTPUT: None 


USE: The vector for this interrupt can be changed to intercept interrupts from a 
primary communications interface. 
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INT 14h - SW - Asynchronous Communications I/O [0000:0050] 


INT 14h is called to perform all functions related to I/O on the RS-232-C 
serial ports. 


ROM ENTRY: Points to Communications I/O ROM entry point 


ROM ACTION: Upon entry, control is transferred to one of four routines (listed 
below) based on the function code in register AH. Illegal function 
codes cause control to simply return to the calling program. 

All registers except those returning a value are preserved. The table 
below gives the function summary of Communications I/O (INT 14h). 


Interrupts remain enabled. The interrupt mask for the communication interrupts and 


the control port for the asynchronous serial communications interrupts are not 
affected. These functions and their related parameters are described below. 


Communications I/O Function Summary 


Register AH Function 

00h Initialize Port 

Olh Transmit Character 
02h Receive Character 
03h Sense Status 

04h Extended Initialize 
05h Port Control 
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INT 14h, AH = 00h - Initialize Port 


INT 14h, AH - 00h specifies the word length, number of stop bits, type of parity, 
and baud rates for the specified port. Also see INT 14h, AH = 05h Extended Port 
Control for additional information. 


INPUT: AH = OOh 
AL = Port Configuration 
DX = Communications Port Select (0..3) 


HT UTTI 


PORT SELECT 


BIT 
76543210 
Ll Word length 
10 = 7 bits 
11 = 8 bits 


AH 
BX 
CX 
DX 


AL 


© 
p> 
H HW Wu M 
C 
Q. 
t. 


Reserved 
Even 


Baud rate 
000 = 110 Baud 010 = 400 Baud 100 = 1200 Baud 110 


= = 4800 Baud 
001 = 150 Baud 011 = 600 Baud 101 


£400 Baud 111 = 9600 Baud 


OUTPUT: AX = Status 


Even though the BIOS supports four communication ports, the initialization supports 
only ports 0 and 1. To use port 2 and 3, the user must install the base addresses 
of the communication ports in memory locations 0040:0004 and 0040:0006. 


COMPAQ DESKPRO 386s Personal Computer 


8-22 BIOS 


INT 14h, AH = Oth - Transmit Character — 
INT 14h, AH = Olh outputs a character to the specified serial communication port. 
INPUT: AH = Olh 


AL = Character to be transmitted (00h. .FFh) 
DX = Communications Port Select (0..3) 


OUTPUT: AH = Line Status register 
(see function 03h, Sense Communications Status, for definition) 
AL = Character 


OO 
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INT 14h, AH = 02h - Receive Character 


INT 14h, AH = 02h reads the specified serial port receiver buffer and places the 
character value and universal asynchronous receiver/transmitter line status in the 
output registers. 


INPUT: AH = 02h 
DX = Communications Port Select (0..3) 


AL 


AH 
BX 
CX 
DX 


OUTPUT: AH 


Line Status register 

(see function 03h, Sense Communications Status, for definition) 
= Character Received, if no error 

= 00h, if error 


LINE STATUS 


AH 
BX 
CX 
DX 


AL 
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INT 14h, AH = 03h - Sense Communications Status 


INT 14h, AH = 03h reads the specified serial port modem and line status values and 
places these values in the output registers. 


INPUT: AH = 03h 
DX = Communications Port Select (0..3) 
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OUTPUT: AH = Line Status 
AL = Modem Status 
AH} LINE STATUS MODEM STATUS AL 


BX 
CX 
DX 


HMM BM IEEE TTL T B LL TTT 
BB MEEÉÉÁBÁIEHILL 
FITLTLLLTTTTT TATA TTA AAT 


BIT 
76543210 
L— Delta clear-to-send 
Delta data-set ready 
Trailing edge ring indicator 
Delta RX line signal detect 
Clear-to-send 
Data-set-ready 
Ring indicator 
RX line signal detect 


v BIT 
76543210 


| — RX data ready 
RX overrun error 
RX parity error 
RX framing error 
RX break detect 
TX holding register empty 
TX 


shift register empty 
Time-out 
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INT 14h, AH = 04h - Extended Initialize 


INT 14h, AH = 04h Provides additional control of serial port initialization 
beyond INT 14h function 00h. This interrupt can be used in replacement of 
INT 14h, AH = 00h. 


INPUT: AH = 04h 
AL = Break 
00h = No break 
01h = Break 
BH = Parity 
00h = None 
01h = Odd 
02h = Even 
03h = Parity bit always 0 
04h = Parity bit always 1 
BL = Stop bit 
00h = One 
Olh = Two, if word length is 6, 7, or 8 


1.5, if word length is 5 
CH = Word length 


00h = 5 bits 

Olh = 6 bits 

02h = 7 bits 

03h = 8 bits 

CL = Baud rate 
00h = 110 baud 
Olh = 150 baud 
02h = 300 baud 
03h = 600 baud 
04h = 1200 baud 
05h = 2400 baud 
06h = 4800 baud 
07h = 9600 baud 
08h = 19200 baud 
AH BREAK AL 


BH PARITY STOP BIT BL 
CH| WORD LENGTH BAUD RATE CL 
DX PORT SELECT 


OUTPUT: AL = Modem status (see function 03h) 
AH = Line status (see function 03h) 
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INT 14h, AH = 05h - Extended Port Control 


INT 14h, AH = 05h Gives BIOS control of the serial communication port modem 
Control register. 


INPUT: AH = 05h 
AL = Read/write 
00h Read modem Control register 
Olh Write modem Control register 
0..3 which port to use COM 1, 2, 3, or 4 base addresses at 40:0,2,4,6 


DX 


AH READ/WRITE 


BX V/V I P P PPBCMl Ml llb lb l llllll 
CX TT P PC B PB: : C: ál lll 
DX PORT SELECT 


AL 


BIT 
76543210 
] = Data Terminal Ready 


— 
I 


Enable Request to Send 
] = Enable Out 1 


] = IRQ3 or 4 (depending on configuration) 


l = Enable loopback, bits «3, 2, 1> are 1 
0 = Disable loopback, bits «3, 2, 1» are 0 
Reserved 


OUTPUT: AH = Line Status (see function 03h) 
AL = Modem Status (see function 03h) 
BL = Modem Control register 
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8.4 COPROCESSOR 
INTERRUPTS 


The BIOS provides two areas of basic support for the 8038/5X coprocessor. 


=» BIOS checks for the presence of the 80387SX during the system initialization 
process; when the 80387SX is present, the BIOS sets the appropriate bits in the 
machine status word in the 803865X processor 


= The BIOS transfers INT 75h (IRQ13, 80387SX Error) to INT 02h for compatibility 
with software written for 8088/8086-based products; after initialization, 
coprocessor interrupts INT 07h (80387SX Not Present) and INT 09h (80387SX 
Segment Overrun) are normally supported by system software operating systems and 
are not handled by the BIOS 


Table 8-5. Coprocessor Interrupts and Memory Locations 


Memory 
Interrupt Type Function Location Bytes 
07h CPU 80387SX Not present 0000:001C 4 
09h CPU 80387SX Segment overrun 0000:0024 4 
75h HW IRQ13, 8038/7SX error 0000:01D4 4 


INT 07h - CPU - 80387SX Not Present [0000:001C 


INT 07h is initiated by the 80386SX when the execution of an 8038/SX instruction is 
attempted with the Emulation Mode (EM) bit of the machine status word set (803875X 
coprocessor not present). 

ROM ENTRY: Points to a dummy interrupt return 

ROM ACTION: None 


USE: It is the responsibility of the operating system or application program to 
set up this vector for useful action. 
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= INT 09h - CPU - 80387SX Segment Overrun [0000:0024] 


- HW - IRQ1, Keyboard 


INT 09h normally handles the keyboard hardware interrupts from IRQ1. In Protected 
mode, however, the 80386SX issues INT 09h when an 80387SX segment Overrun exception 
is detected. 


Operating system software running in Protected mode can readily relocate hardware 
interrupts IRQO through IRQ7 to another block of eight interrupt vectors to avoid 
conflict (see INT 15h, AH = 89h). 


ROM ENTRY: Points to Keyboard BIOS Services 


ROM ACTION: See Keyboard section for complete description of keyboard 
hardware interrupt. 


INT 75h - HW - IRQ13, 80387SX Error [0000:01D4] 


INT 75h occurs when there is an unmasked error condition on the 803875SX 
coprocessor. This error can be caused by arithmetic overflow or underflow 
operations, by division-by-zero operations, or by the loading of invalid numbers. 


ROM ENTRY: Points to INT 75h handler 


ROM ACTION: BIOS performs an EOI (End of Interrupt) sequence on Interrupt 
Controller 1 (master), outputs a 00h to port FOh to clear the 80387SX 
BUSY signal, then invokes the INT 02h (Non-Maskable Interrupt) handler 
to provide compatibility with 8088/8086-based software. 


USE: This vector can be changed by system software or an application program to 
point to a user-supplied routine that notifies applications software of 
floating-point number computation exceptions. 
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8.5 DISKETTE DRIVE 
INTERRUPTS 


All communication between the user and the diskette drive is via a single ROM call 
(INT 13h). The user can perform any of the following functions: 


= Read status = Reset diskette 

= Read sectors = Write sectors 

= Verify sectors |. = Format a track 

= Get drive parameters = Get drive type 

= Get change line status = Set drive and media types for format 


The diskette drive BIOS uses INT OEh (IRQ6) and DMA Channel 2 of the system. There 
are six possible combinations of diskette drives and diskettes that can be used 
together. The BIOS must be able to determine the combination being used in order 
to supply the appropriate parameters. The parameters for each combination are 
stored in a table referred to as the DDPT (Diskette Drive Parameter Table). The 
six disk drive/diskette combinations are: 


- 360-Kbyte diskette in 360-Kbyte drive (5.25-in.) 

- 360-Kbyte diskette in 1.2-megabyte drive (5.25-in.) 

= 1.2-megabyte diskette in 1.2-megabyte drive (5.25-in.) 
720-Kbyte diskette in 720-Kbyte drive (3.5-in.) 

= 720-Kbyte diskette in 1.44-megabyte drive (3.5-in.) 

= 1.44-megabyte diskette in 1.44-megabyte drive (3.5-in.) 
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The DDPT for each combination are shown in Table 8-6. 


Table 8-6. Diskette Drive Parameter Table (all values in hexadecimal ) 


Description Diskette Drive/Diskette Combination 
of DDPT Byte l 2 3 4 5 6 
Step Rate (SRT)/ 

Head Unload Time (HUT) DFh DFh DFh DFh DFh AFh 
Head Load Time/DMA 02h 02h 02h 02h 02h 02h 
Motor Off Time 25h 25h 25h 25h 25h 25h 
sector Length 02h 02h 02h 02h 02h 02h 
Sectors/Track 09h 09h OFh 09h 09h 12h 
Gap Length, read/write 2Ah 2Ah 1Bh 2Ah 2Ah 1Bh 
Data Transfer Length FFh FFh FFh FFh FFh FFh 
Gap Length, format | 50h 50h 54h 50h 50h 6Ch 
Fill Character, format F6h F6h F6h F6h F6h F6h 
Head-Settle Time OFh OFh OFh OFh OFh OFh 
Motor-Settle Time O8h 08h 08h 08h 08h 08h 
Maximum Track Value 27h 27h 4Fh 4Fh 4Fh 4Fh 
Data Transfer Rate 80h . 40h 00h 80h 80h 80h 
G 


When the system contains a fixed disk drive, INT 13h interrupts are vectored 
to INT 40h. 


Diskette drive/diskette type combination: 


360-Kbyte diskette in 360-Kbyte drive (5.25-in. ) 
360-Kbyte diskette in 1.2-megabyte drive (5.25-in. ) 
1.2-megabyte diskette in 1.2-megabyte drive (5.25-in. ) 
720-Kbyte diskette in 720-Kbyte drive (3.5-in.) 
7/20-Kbyte diskette in 1.44-megabyte drive (3.5-in.) 
1.44-megabyte diskette in 1.44-megabyte drive (3.5-in.) 
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Common Operations 


Determining Media 


On entry to the diskette drive routines that access the diskette 
(read/write/verify), a check is made of the media state for the target diskette 
drive. If the media state is established, processing continues normally. If the 
media state is not established, a process internal to the BIOS determines the type 
of media installed. 


Table 8-7 lists a description of the diskette drive settings for 360-Kbyte, 
1.2-megabyte, and 1.44-megabyte diskette drives: 


Table 8-7. Diskette Drive Settings 


LL Ea PLAN ALL A AUN AM Ul a ——————Á—— 
Drive Setting Description 


0 No drive present 
5.25-in. 360-KB 


5.25-in. 1.2-MB 
3.5-in. /720-KB 
3.5-in. 1.44-MB 


A[Cco[nro|ve 


Diskette Change 


DISKETTE CHANGE- is a status signal from the 720-Kbyte, 1.2-megabyte and 
1.44-megabyte diskette drives that indicates when the drive latch has been opened. 
This signal is not used on double-density diskette drives. 


Whenever an access of the diskette drive for read, write, verify, or format is 
requested by a BIOS interrupt, the BIOS checks the DISKETTE CHANGE- signal status. 
If the DISKETTE CHANGE- signal is active (door has been opened), the BIOS checks to 
see whether the door is still open. 


The media state for the drive (0040:0090 or 0040:0091) is set to unestablished, 
48-TPI media in a 1.2-megabyte diskette drive (61h), whenever the drive door is 
opened. The system then determines the type of media installed with the next 
diskette access. 
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Formatting a Diskette 


To format a high-density (1.2- or 1.44-megabyte) diskette properly, a Set Media 
Type for Format (INT 13h, AH = 18h) should be made first. This function sets the 
media state for the diskette drive to "established." If this function call is not 
made, the format of the diskette is based upon the current media state (established 
or not) of the diskette drive. 


To format a 3.5-inch diskette for 1.44 megabytes of capacity in a 1.44-megabyte 
diskette drive requires a high-density 3.5-inch diskette. To format for 
720 Kbytes of capacity requires a low-density 3.5-inch diskette. High-density 


3.5-inch diskettes cannot be formatted for 720 Kbytes of capacity in a 
1.44-megabyte diskette drive. 


Diskette Drive Interrupts 


Table 8-8 lists the BIOS diskette drive interrupts and memory locations used. 


Table 8-8. Diskette Drive Interrupts 


Memory 
Interrupt Type Location Bytes Function 
OEh HW 0000:0038 4 IRQ6, Diskette Interrupt 
13h SW 0000:004C 4 Diskette I/O 
LEh PTR 0000:0078 4 Diskette Drive Parameter Table Vector 
40h SW 0000:0100 4 Diskette Drive I/0 
Memory Locations Affected by Interrupts 
0040:003E 1 Drive Recalibration Status: 
«7» - [nterrupt occurred flag 
«6» - Reserved 


<3..0> = Drive 4..1 (respectfully) need 
recalibration if bit <0> = 1 


0040:003F 1 Motor timeout 

0040:0040 1 Time-out Counter for Drive Motor turns 
off after 2 seconds of tick counts 
(37 ticks) 

0040:0041 l Diskette Status 

0040:0042 7 - Drive Controller Status 


(Continued) 
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Table 8-8. (Continued) 
Memory 


Interrupt Type Location Bytes Function 


Memory Locations Affected by Interrupts 
0040:0088 1 Data Rate Status 


<7,6> - Last Data Rate Sent to Controller 


00 = 500 Kb/s 01 = 300 Kb/s 
10 = 250 Kb/s 
11 = Reserved 


<5,4> - Reserved 
<3,2> - Data rate with which the 
operation started 
«1» - Reserved 
«0» - 1 = Fixed disk drive controller 
board installed 
0 = Not installed 


0040:008F 1 Drive information: 
A B 
bits 
3 7 = Reserved 
2 6 = Multidata rate capability 


determined 
l 5 Multidata format capability 
0 4 80-Track capability 
0040:0090 l <2,1,0> Diskette Drive/Diskette 

000 = 48-TPI/360-KB (unest. } 
001 = 48-TPI/1.2-MB (unest. ) 
010 = 96-TPI/1.2-MB (unest. ) 
011 = 48-TPI/360-KB ( 
100 = 48-TPI/1.2-MB (est.) 
101 = 98-TPI/1.2-MB ( 
110 = Reserved 
111 Reserved 

«3» Reserved 

«4» Diskette Drive/Diskette 

Established 

«52 Double Step Required 

«7,6» Data-Transfer Rate 
00 = 500 Kb/s 
01 = 300 Kb/s 
10 = 250 Kb/s 
11 = Reserved 
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Table 8-8. (Continued) 
Memory 


Interrupt Type Location Bytes Function 
Memory Locations Affected by Interrupts 


0040:0091 1 Drive 2 (B) Media State Byte 
0040:0092 l Drive 1 (A) Operation Start State 
0040:0093 1 Drive 2 (B) Operation Start State 


(the Operation Start State is the 
starting media state when a diskette 
drive operation begins) 


0040:0094 1 Drive 1 (A) Current Track Bytes (note) 
0040:0095 1 Drive 2 (B) Current Track Bytes (note) 
NOTE: During a write operation, 15/20 ms (as appropriate) is used if a diskette 

drive parameter table specifies a head-settle time of less than 15 ms for a 
1.2-MB diskette drive or less than 20 ms for a 360-KB double-density 
diskette drive. In addition, a motor-settle time of 1 second is used for a 
write or format operation and 625 ms for a read or verify operation. To 
read or write to 48-TPI media, the software must step the 96-TPI drive head 
twice between each 48-TPI track. 
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INT OEh - HW - IRQ6, Diskette Drive Interrupt [0000:0038] 
- CPU - Page Fault 


INT OEh is initiated by the diskette drive controller at the completion of an 
operation. This interrupt is also used by the CPU to generate Page Faults. 


ROM ENTRY: Points to ROM Diskette Drive Interrupt handler 


ROM ACTION: Calls made to the ROM using INT 13h for diskette drive I/O are 
suspended internally until INT OEh occurs, signifying completion. 


USE: The vector for this interrupt may be changed to intercept diskette drive I/0 
operations for special real-time operating system requirements. 
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INT 13h - SW - Diskette I/O [0000:004C] 


All communication between the user and the diskette drive is via a single ROM call. 
The diskette drive BIOS uses INT OEh (IRQ6) and DMA channel 2 of the system. 


ROM ENTRY: Points to disk I/0 routine that dispatches to either the fixed disk 
(if present) drive BIOS or INT 40h for diskette drive BIOS. 


ROM ACTION: Upon entry, control is transferred to one of eleven routines based on 
the function code in register AH. Illegal function codes cause the 
routine to report a Bad Command error (01h) and return. 


INT 15h, AH = 90h is called when the diskette drive BIOS is waiting for completion 
of a command. 


summarized below are the possible status codes returned for every diskette drive 
operation (listed by function code in AH) possible under INT 13h. Status code 
definitions and AH values are given after the table. 


Diskette Drive Status Codes Returned 


AH Error Code 00h Olh 02h 03h 04h 06h 08h 09h OCh 10h 20h 40h 80h 
00h X X - - - - - - - - - - X 
Olh X X - - - - - - - - - - - 
02h X X X - X X X X - X X X X 
03h X X X X X X X X - - X X X 
04h X X X - X X X - - X X X X 
05h X X X X X X X X - - X X X 
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LEGEND: X = Status code returned 
- = No status code returned 
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Status Code Definitions (INT 13h) 


QUOD n E E aa 


Code Definition 

00h Successful Completion 

Olh Bad Command 

02h Address Mark Not Found 

03h Write Protected Media 

04h Requested Sector Not Found 

06h DISKETTE CHANGE- Signal Active 
08h DMA Overrun on Operation 

09h DMA Attempted Across 64K Boundary 
OCh Track/Sector Combination Not Supported 
10h Bad CRC on Diskette Read 

20h Controller Has Failed 

40h Seek Operation Failed 

80h Drive Failed to Respond 


AH Values (INT 13h) 


————Á————— nn 


AH Value Definition 

00h Reset Diskette System 

01h Read Status of Last Operation 
02h Read Sectors 

03h Write Sectors 

04h Verify Sectors 

05h Format Track 

08h Get Drive Parameters 

15h Get Drive Type 

16h Read Diskette Change Line Status 
17h Set Drive Type for Format 

18h Set Media Type for Format 


III 
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INT 13h, AH = OOh - Reset Diskette Drive System 


INT 13h, AH = 00h resets the diskette drive system. 


INPUT: AH 
DL 


00h 
Drive Select (0..1) 


AH AL 
BX 
CX 
DH DRIVE 


DL 


OUTPUT: If CF 
If CF 


00h (successful completion) 
Status, Operation Error 


HUMUM gl 
HU LM P P M LH Cl 


HERR TATA TATA TTT ATTA TT 
FH áüMB LB HMM TATA VAM BF TI MN 


Ho |! 
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AH 
BX 
CX 
DX 


AL 


The Reset Diskette Drive System function call is usually performed after a read, 
write, verify, or format error before retrying the operation. 


USE: An application program may use INT 13h to access the fixed disk or diskette 
drives directly. If a fixed disk drive is installed, direct access to the 
diskette drives can be made using INT 40h. 
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INT 13h, AH = Oth - Read Status of Last Operation 
INT 13h, AH = Olh returns the status of the last disk operation. 


INPUT: AH = Olh 
DL = Drive Select (0..1) 


HUM MU 


AH 
BX 
CX 
DH 


AL 


DL 


OUTPUT: If CF 
CF 


0, 00h (successful completion) 
1, AH = Status, Operation Error 


HU MG Gg nl 


AH 
BX 
CX 
DX 


AL 
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INT 13h, AH = 02h - Read Sectors 


INT 13h, AH = 02h reads the specified number of sectors into the buffer to 
which ES:BX points. 


INPUT: AH = O2h 
AL = Sector Count - Number of sectors to be read by this operation 
ES:BX = Buffer Transfer Address 
CH = Track 
(0..39 for 360 Kbyte and 720 Kbyte media) 
(0.79 for 1.2 megabyte and 1.44 megabyte media) 
CL = Starting Track 
(1..9 for 360 Kbyte and 720 Kbyte media) 
(0..15 for 1.2 megabyte media) 
(0..18 for 1.44 megabyte media) 
DH = Head Select (0..1) 
DL = Drive Select (0..1) 


AH| 02h | | SECTOR COUNT | AL 


BX BUFFER OFFSET 


CH TRACK START SECTOR | CL 
DH HEAD DRIVE DL 


ES BUFFER SEGMENT 


OUTPUT: If CF 
CF = 1, AH 


© 

> 

-L 
TET 


00h (successful completion) 
Status, Operation Error 


HU B B L g g | 


AH 
BX 
CX 
DX 


AL 


If the transfer address starts on a paragraph boundary, the maximum number of 
sectors that can be read is 128 (80h). Otherwise, the maximum is 127 sectors. 
A sector count of 00h implies 256 sectors and generates an error from INT 13h. 
The sector count greater than (>) 80h yields a bad read, carry set. 
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INT 13h, AH = O3h - Write Sectors d 


INT 13h, AH = 03h writes the specified number of sectors onto the diskette using 
the data to which the ES register points. 


INPUT: AH = 03h 
AL = Sector Count - Number of sectors to be read by this operation 
ES:BX = Buffer Transfer Address 
CH = Track 
(0..39 for 360 Kbyte and 720 Kbyte media) 
(0.79 for 1.2 megabyte and 1.44 megabyte media) 
CL = Starting Track 
(1..9 for 360 Kbyte and 720 Kbyte media) 
(0..15 for 1.2 megabyte media) 
(0..18 for 1.44 megabyte media) 
DH = Head Select (0..1) 
DL = Drive Select (0..1) 


AH SECTOR COUNT | AL J 
BX BUFFER OFFSET 

CH TRACK START SECTOR | CL 

DH HEAD DRIVE DL 

ES BUFFER SEGMENT 

AH STATUS LETITITTTTTT TTT | AL 


BX 
CX 
DX 


lIT TIT P P P CB Cl P P Bg ULT T T T BIG 
ll ITE PT TF ETT T FF TC LTT FTT T TT TT TB B 
CIPIT BT PTTTTBTEPPTBCTTTTT TT TB TTG IG 


OUTPUT: If CF 
CF 


00h (successful completion) 
Status, Operation Error 


uH 
— © 
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The maximum number of sectors that can be read is 128 (80h) if the transfer address 
starts on a paragraph boundary. Otherwise, the maximum is 127 sectors. A sector d 
count of 00h implies 256 sectors and generates an error from INT 13h. 
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INT 13h, AH - 04h - Verify Sectors 


INT 13h, AH = 04h verifies the specified sectors on the diskette. Sector 


verification checks the sector ID and other format information for parity errors 
and data integrity. 


INPUT: AH = 04h 
AL = Sector Count - Number of sectors to be verified by this operation 
CH = Track 
(0..39 for 360 Kbyte and 720 Kbyte media) 
(0.79 for 1.2 megabyte and 1.44 megabyte media) 
CL = Starting Track 
(1..9 for 360 Kbyte and 720 Kbyte media) 
(0..15 for 1.2 megabyte media) 
(0..18 for 1.44 megabyte media) 
DH = Head Select (0..1) 
DL = Drive Select (0..1) 


AH SECTOR COUNT 
BX|// V M M M M MM M MIT BBGMlAVK(MVKMT T TTITTI 
CH 


AL 


CL 


DH HEAD DRIVE DL 
OUTPUT: If CF = 0, AH = 00h (successful completion) 
CF = 1, AH = Status, Operation Error 


AH 
BX 
CX 
DX 


HB B V E T L T | || | AL 


MIL TEEPBBBCTMUUFT TTT TTT ATT TT TTG 


LILTTLLLTLTTTT TTT TATA TTT 
LILLLLTLTLTTTT TLL TT 
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INT 13h, AH s 05h - Format Track 


INT 13h, AH = 05h writes the sector and track ID information onto the 
specified tracks. 


INPUT: AH = 05h 
ES:BX = Address of track format table (see below) 
CH = Track 
(0..39 for 360 Kbyte and 720 Kbyte media) 
(0.79 for 1.2 megabyte and 1.44 megabyte media) 
DH = Head Select (0..1) 
DL = Drive Select (0..1) 


AL 


AH HU Gg HH LL 


BX OFFSET OF FORMAT TABLE 


CH HU M gU ll 
| HEAD 


DH HEAD DRIVE 


ES SEGMENT OF FORMAT TABLE 


CL 
DL 


OUTPUT: If CF = 0, 
CF = 1, AH 


M 
> 
wm ad 


- 00h (successful completion) 
Status, Operation Error 


HU TUUM B g 


EB BBBPE 


FLLTELLTLLLLLTTTTT ATLL LLL TT | 


S/I) 


AH 
BX 
CX 
DX 


AL 


Before formatting a diskette, one INT 13h, an AH = 18h (Set Media Type for Format) 
function call should be made to set the media type for format. 
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The diskette drive parameter table (pointed to by INT ]Eh) must reflect the type of 
media installed for correct operation; that is, the number of sectors per track in 
the diskette drive parameter table must be; 


9 for 48-TPI media 

9 for 720-Kbyte 135-TPI media 

15 for 96-TPI media 

18 for 1.44-megabyte 135-TPI media 


Responsibility for the contents of the diskette drive parameter lies with the user 
of the INT 13h. 


A track format table is required for formatting a diskette. Provide values as 
listed in Table 8-9. 


Table 8-9. Track Format Table 


Offset Value 

*00h Track 

*01h Head 

+02h Sector 1 

+04h Track 

*05h o o ade 
+06h Sector 2 
ee ee ee eee 
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INT 13h, AH = 08h - Get Drive Parameters 


INT 13h, AH = 08h returns the diskette drive parameters for the drive selected. 


INPUT: AH = 08h 
DL = Drive Select (0..1) 


AL 


AH 
BX 
CX 
DH 


DL 


The CMOS drive type value as well as the maximum number of tracks allowed for the 
specified drive are returned. Also given are the number of sectors per track, the 
maximum number of heads, and a pointer to the correct diskette parameter. 


[f input is bad (invalid input or drive type unknown or bad CMOS): 


AH = 00h 
BX = 00h 
CX = 00h 
DH = 00h 


OL = Number of diskette drives installed 


NOTE: The values given reflect the capacity of the diskette drive; they do not 
represent characteristics of the media installed. 
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OUTPUT: AH = 00h 
BH = 00h 
BL = <3..0> - Valid drive type value in CMOS 
CH = Low-order 8 bits of (10-bit) maximum number of tracks 
CL = </..6> - High-order 2 bits of maximum number of tracks 
«5..0» - Maximum number of sectors per track 
DH = Maximum head number 
DL = Number of diskette drives installed 
ES:DI = Pointer to Diskette Parameter Table 


AH] OOH. SSS M METIHTNB | AL 
BH 

CH|MAX.# OF TRACKS | # SEC./TRACK | CL 
DH| MAX HEAD | # DRIVES DL 


DI DISKETTE TABLE OFFSET 
ES DISKETTE TABLE SEGMENT 
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INT 13h, AH = 15h - Get Drive Type 
INT 13h, AH = 15h returns the drive type for the specified drive. 


15h 
Drive Select (0..1, 80h..81hJ 


INPUT: AH 
DL 


HUM Wl  g wg g 
HU M M M I UI 


MIB BB LLLLLULOLULTLVL(VCCNACBDMPCD B TTT 
[T À IIl T TT TT TB B DRIVE 


AH AL 
BX 
CX 


DH 


DL 


OUTPUT: If CF 
CF 


HB Gg gU L 


[1111111111111111 


S/I 


FM AI M PB MM IIPMPBÁGMPMCPMPITITITITTTTTT TIG 


0, AH = Type of Drive 
1, Bad Command (invalid drive) 


AH AL 
BX 
CX 


DX 


The AH register values for drive types are listed below: 


AH Register Values 


AH Definition 

00h Drive not installed 

01h Diskette drive without DISKETTE CHANGE- signal 
(5.25-in. single density diskette drives only) 

02h Diskette drive with DISKETTE CHANGE- signal 

03h Fixed disk drive 
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INT 13h, AH = 16h - Read Diskette Change Line Status 


INT 13h, AH = 16h returns the status of the DISKETTE CHANGE- signal from the 
specified diskette drive. 


INPUT: AH = 16h 
DL = Drive Select (0..1) 
AH HU BG G gULULLL | AL 


BX 
CX 
DX 


HU B gU LL B HM MC 
HU T b li 
HUNUHUMII | DRIVE 


DL 


OUTPUT: If CF = 0, AH = 00h, DISKETTE CHANGE- signal inactive (door has not 


been opened) 
Olh, Bad Command (invalid drive) 
06h, DISKETTE CHANGE- signal active (door has been opened) 


HMM ITLL 


CF = 
CF - 1, AH 


E 
> 
eL. 

HH 


AH 
BX 
CX 
DX 


AL 
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INT 13h, AH = 17h - Set Drive Type for Format 


INT 13h, AH = 17h specifies the type of diskette drive currently in the diskette 
drive position (0 or 1). 


17h 

Drive Type 

Olh - 360-Kbyte Drive 

02h - 48-TPI media in 1.2-megabyte drive 
03h - 96-TPI media in 1.2-megabyte drive 
04h - 135-TPI media 

DL = Drive Select (0..1) 


INPUT: AH 
AL 


AH AL 
BX 
CX 


DH DL 


OUTPUT: If CF 
CF 


HUM V g g 
HUM M M I  H ng 


[11111 


FM IB B IL GMBMC M T TlITTTTTTTTTTTTTI 


00h, (successful completion) 
Olh, Bad Command (invalid drive) 


| M 
— 

ID I 
=a an 
u M 


AH 
BX 
CX 
DX 


AL 


Before formatting a diskette, one INT 13h, AH = 17h call should be made to set the 
diskette type for format. Function 18h can be substituted and should be used when 
3.5-inch diskettes are used. 
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INT 13h, AH = 18h - Set Media Type for Format 


INT 13h, AH = 18h sets up the parameters of the media currently installed in the 
diskette drive position (0 or 1). This function can be used instead of function 
17h, Set Drive Type for Format, to set up the needed parameters for the Format 
Track command (function 05h). 


INPUT: AH = 18h 
CH = Low-order 8 bits of (10-bit) maximum track number (0..79 or 0..39) 
CL = </..6> - High-order 2 bits of maximum track number 
<5..0> - Number of sectors per track 
DL = Drive select (00h..01h) 


AH HUM B Ga HL 


BX V/V TI M MP B BM MLB P ll 
CH # SEC./TRACK | CL 
DH| // MM, P ,M,Mllllll DRIVE DL 


DIUI P MP M ll IVIIITTTTTF TFT TB TUI TT LTT 


ESI TT B B M lMl III TlTTTITITPLTIITI 


OUTPUT: If CF = 0, AH = 00h (successful completion) 
ES:DI = pointer to Diskette Drive Parameter Table 


IF CF = 1, AH = Olh, Bad Command (function not available) 
AH} 00h SSS SSSI /ITIT//1 |. AH 
Bx LL B GB MU HL L MM PL Pg g MH 
CH| MAX. TRACK # | # SEC./TRACK | CL 
DH| L4 g9 044104411 DRIVE — | DL 


DI DISKETTE TABLE OFFSET 
ES DISKETTE TABLE SEGMENT 


8-5] 
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INT 1Eh - PTR - Diskette Drive Parameter Table Vector [0000:0078 


The vector for this interrupt points to the Diskette Drive Parameter Table (DDPT). 
This table is used to program the diskette drive controller chip (NEC 765 or Intel 
8272). Please refer to either the NEC 765 or Intel 8272 disk controller 
specification for more information. 


INT 40h - SW - Diskette Drive I/O 


Calls to INT 13h for diskette drive operations (as determined by the Drive value in 
register DL) are vectored to INT 40h for actual diskette drive BIOS processing only 
if a fixed disk drive is installed. If a fixed disk drive is not installed, 

INT 40h points to an interrupt return. Therefore, INT 40h behaves identically to 
INT 13h when used for diskette drive operations. Refer to INT 13h for information 
on all INT 40h functions. 
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8.6 FIXED DISK DRIVE 
INTERRUPTS 


The fixed disk BIOS supports two fixed disk drives, Drive 1 (80h) and Drive 2 
(81h). Use INT 13h, AH = 08h to determine their individual capacities, or use the 
parameter table pointed to by INT 41h and INT 46h. Do not use the fixed disk drive 
types stored in the CMOS configuration memory to determine the capacities. 


The fixed disk Wait and Post functions are supported via INT 15h. The fixed disk 
Wait function call is AH = 90h with AL = 00h. The function call for Post is 

AH = 91h with AL = 00h. Wait is performed to wait for a fixed disk drive 
Interrupt. Post is performed when the fixed disk drive interrupt occurs. 


[f an error occurs on a fixed disk drive operation, reset (INT 13h, AH = 00h or 
0Dh) the fixed disk drive system before retrying the Operation. The fixed disk 
drive controller will perform internal retries before returning an error. 


To format a fixed disk drive with more than 8 heads, recalibrate (INT 13h, 
AH = 11h) head 0, then format heads 0 though 7. Next, recalibrate head 8 and 
format heads 8 through 15. 


When using the Read or Write functions, the most significant bit of the Drive 
Control Byte (at offset +08h) of the fixed disk drive parameter table (at INT 41h 
or INT 46h) can be set to 1 to disable the fixed disk drive controller 

internal retry function. 
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Table 8-10 lists the BIOS fixed disk drive interrupts and the memory 
locations used. 


Table 8-10. BIOS Fixed Disk Drive Interrupts and Memory Locations Used 


Memory 
Interrupt Type Location Bytes Function 
INT 13h SW 0000: 004C 4 Fixed Disk I/0 
INT 41h PTR 0000:0104 4 Fixed Disk Drive 1 Parameter Table 
INT 46h PTR 0000:0118 4 Fixed Disk Drive 2 Parameter Table 
INT 76h HW 0000:01D8 4 [RQ14, Fixed disk drive interrupt 
Memory Locations Affected by Interrupts 
0040:0074 4 Fixed disk drive status 
0040:0075 l Number of fixed disk drives 
0040:0076 l Reserved 
0040: 008C 1 Additional fixed disk status 
0040: 008D l Fixed disk error status 
0040: 008E 1 Fixed disk interrupt flag 


geen AÁRÁÉ——————————a ÓÁ Jm e t iÜS A A——— ÉÉÀ lll —————À—————— — —— —— — À 
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INT 13h - SW - Fixed Disk Drive I/O [0000:004C] 


INT 13h is called to perform all functions related to fixed disk drive I/O. 
ROM ENTRY: Points to Fixed Disk Drive I/O ROM entry point 


ROM ACTION: Upon entry, control is transferred to one of 16 routines (listed 
below) based on the function code in the AH register. Illegal 
function codes cause the routine to report a Bad Command error and 
return. The following table gives the function summary of the Fixed 
Disk Drive I/O. 


USE: An application program may use INT 13h to access the fixed disk drive. 


Table 8-11 lists the error or status codes returned in the AH register by the 
various interrupts. Legends for the AH functions and the error codes follow. 


Table 8-11. Fixed Disk Drive Status Codes by Register AH Function 

AH Error Codes 
Function 00h Olh 02h 04h 05h 07h 09h OAh 10h 11h 20h 40h 80h AAh BBh CCh FFh 
00h X X - = X = - = - -4 - 4 = 4 = = | 


| | |! 
| j|» 
>< |» 
>< |» |» |» 
l 
I 
>< | >< [»« |» 
2|» | >< 


| 
l 
>< 
I 
I 
I 
l 
l 
| 
I 
l 
| 
| 
l 
l 


© 

> 

J 
2L | >X] >X< |X | X |X| X| Xx |»« |»«|»« |»« |»« |» 
2L |X| >X< | O< | Xx | O< | X| Xx |» |»«|»« |» |»« | O< 


( 
— 
On 
a 
>< 
>< 
I 
l 
l 
| 
I 
| 
I 
i 
| 
I 
| 
| 
| 
| 
( 


LEGEND: X = Error code applicable to AH function 
- = Error code not applicable to AH function 
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Fixed Disk Drive Status Code Descriptions (INT 13h) 


Register AH Meaning 

00h Successful Completion 

Olh Bad Command 

02h Address Mark Not Found 

04h Requested Sector Not Found 

05h Reset Failed 

07h Drive Parameter Activity Failed 
09h Transfer Attempted Across 64-KB Boundary 
OAh Bad Block Flag Detected 

10h Uncorrectable ECC Data Error 
llh ECC Corrected Data Error 

20h Controller has Failed 

40h Seek Operation Failed 

80h Drive Failed to Respond 

AAh Drive not Ready 

BBh Undefined Error Occurred 

CCh Write Fault Active 

FFh Sense Operation Failed 


Fixed Disk Drive I/O Function Summary (INT 13h) 


AH Function 

00h Reset Fixed Disk Drive System 
Olh Read Status of Last Operation 
02h Read Sectors 

03h Write Sectors 

04h Verify Sectors 

05h Format Track 

08h Get Drive Parameters 

09h Initialize Fixed Disk Drive Parameters 
OAh Read Long 

OBh Write Long 

OCh Seek Cylinder 

ODh Alternate Disk Reset 

10h Test Drive Ready- 

11h Recalibrate Drive 

14h Controller Diagnostic 

15h Get Type of Drive 
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INT 13h, AH = OOh - Reset Fixed Disk Drive System 


INT 13h, AH = 00h resets the fixed disk drive system and parameters and diskette 
subsystem. If two fixed disk drives are present, then the parameters for both 
fixed disk drives are set. 


INPUT: AH 
DL 


00h 
Drive Select (80h..81h) 


AH Hn MMUl 
BX IL B B MM M HL B P B B CB B GL 4 3M 


CX VT T B P P C l ll ÍT IIB Bl MIT B MI Bg Ig 
a T I T T Pg MB MF, DRIVE 


AL 


DL 


OUTPUT: If CF 
CF 


Oh (successful completion) 
5h (reset failed) 


AH 
BX 
CX 
DX 


STATUS LITLTTTTTTLL TTT 


FILET LTTLTLLTTT LTT LTT TTT 
FLTETTTLLLTTT TLL ATT TTA TT 


PHIL PTT PPTTMEE LITT TTL TIT M BTCÓ 


AL 


Reset should be done after a read, write, verify, or format error before retrying 
the operation. 
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INT 13h, AH = Oth - Read Status of Last Operation 


INT 13h, AH = Olh returns the status of the last fixed disk drive operation. The 
carry flag is not set if the last operation was in error. 


INPUT: AH = Olh 
DL = Drive Select (80h. .81h) 
AH Olh LILITTTTTTTT TTT | AL 


BX 
CX 
DH|/ 


SILLA TTA. 


[111111111111111 


HG d DL 


OUTPUT: AH - 
AL - 


atus of last operation 


AH 
BX 
CX 
DX 


STATUS 
HH T M B LB 


AL 
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INT 13h, AH = O2h - Read Sectors 


INT 13h, AH = 02h reads the specified number of sectors into the buffer to which 
ES:BX points. 


INPUT: AH = O2h 
AL = Sector Count - Number of sectors to be read 
ES:BX = Buffer Address 
CH = Bits «7..0» of starting cylinder 
CL = Bits «7..6» are bits <9..8> of starting cylinder 
= Bits <5..0> are starting sector 
DH = Starting Head 
DL = Drive (80h. .81h) 


AH} 02h | SECTOR COUNT | AL 


BX BUFFER OFFSET 
CH CYLINDER CYL/SECTOR CL 
DH HEAD DRIVE DL 


ES BUFFER SEGMENT 


OUTPUT: If CF = 0, AH = 00h (successful completion) 
CF = 1, AH = Status, operation error 
AL = Drive Status 


OP STATUS DRIVE STATUS 


S/I 


MU BBB BB MEE TTCTCCTEPTCBÍPTTTIITI 


LV T P BB B l  MlM PB Bl MIT P TTT TTT 


AH 
BX 
CX 
DX 


AL 


If the transfer address starts on a paragraph boundary, the maximum number of 

sectors that can be read is 128 (80h). Otherwise, the maximum is 127 sectors. 

A sector count of 00h implies 256 sectors and generates an error from INT 13h. 
uw The sector count greater than (>) 80h yields a bad read, carry set. 
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INT 13h, AH = 03h - Write Sectors 


INT 13h, AH = 03h writes the specified number of sectors using the data from the 
buffer to which ES:BX points. 


INPUT: AH = O3h 
AL = Sector Count - Number of sectors to be written 
ES:BX = Buffer Address 
CH = Bits «7..0» of starting cylinder 
CL = Bits «7..6» are bits <9..8> of starting cylinder 
Bits <5..0> are starting sector 
DH = Starting Head 
DL = Drive Select (80h. .81lh) 


AH} 03h | SECTOR COUNT | AL 


BX BUFFER OFFSET 

CH CYLINDER CYL/SECTOR CL 

DH HEAD DRIVE DL 

ES BUFFER SEGMENT 

OUTPUT: If CF = 0, AH = 00h (successful completion) 
CF = 1, AH = Status, operation error 


[11111 


BB 
Pl MIU PT B MEET B ME PTT l FF T T TTL 
SLLTTLTTTTATTTTL TTT ATTA TT 


AH 
BX 
CX 
DX 


AL 


The maximum number of sectors that can be read is 128 (80h) if the transfer address 
starts on a paragraph boundary. Otherwise, the maximum is 127 sectors. A sector 
count of 00h implies 256 sectors and generates an error from INT 13h. 
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INT 13h, AH = 04h - Verify Sectors 


INT 13h, AH = 04h verifies sectors on the fixed disk. Sector verification checks 
the sector ID and other format information for parity errors and data integrity. 


INPUT: AH = 04h 
AL = Sector Count - Number of sectors to be read 
CH = Bits «7..0» of starting cylinder 
CL = Bits «7..6» are bits <9..8> of starting cylinder 
Bits <5..0> are starting sector 
DH = Starting Head 
DL = Drive Select (80h. .81h) 


AH AL 
BX 

CH| CYLINDER | CYL/SECTOR | CL 
DH HEAD DRIVE DL 


OUTPUT: If CF = 0, AH = 00h (successful completion) 
CF = 1, AH = Status, operation error 


HU VIN M g 


AH 
BX 
CX 
DX 


AL 
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INT 13h, AH = 05h - Format Track 


INT 13h, AH = 05h writes the sector and track ID information onto the 
tracks specified. 


INPUT: AH = 05h 
ES:BX = Track Interleave Table Address 
CH = Bits <7..0> of starting cylinder 
CL = Bits <7..6> are bits <9..8> of starting cylinder 
Bits <5..0> are not used 
DH = Starting Head 
DL = Drive Select (80h. .81h) 


ES TABLE SEGMENT 


OUTPUT: If CF = 0, AH = 00h (successful completion) 
CF = 1, AH = Status, operation error 


AH 
BX 
CX 
DX 


AL 
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The format of the Track Interleave Table for a 2:1 interleave and 17 sectors is 
as follows: 


00h, Olh, 00h, OAh, 00h, 02h, 00h, OBh, 00h, 03h, OOh, OCh, OOh, 04h, OOh, ODh, 
00h, 05h, 00h, OEh, 00h, 06h, 00h, OFh, 00h, 07h, OOh, 10h, 00h, O8h, OOh, 11h, 
00h, 09h 


To format a track as bad, the Track Interleave Table for a 2:1 interleave and 17 
sectors is as follows: 


80h, Olh, 80h, OAh, 80h, 02h, 80h, OBh, 80h, 03h, 80h, OCh, 80h, 04h, 80h, ODh, 


80h, 05h, 80h, OEh, 80h, 06h, 80h, OFh, 80h, 07h, 80h, 10h, BOh, 08h, 80h, 11h, 
80h, 09h 
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INT 13h, AH = 08h - Get Drive Parameters 


INT 13h, AH = 08h returns the drive parameters for the selected fixed disk drive. 


08h 
Drive Select (80h..81h) 


INPUT: AH 
DL 


HU BG gULLL GL M 


EBD 
EB 


[lO TI TC TB PP PLTTTBL DRIVE 


AH 
BX 
CX 
DH 


AL 


DL 


OUTPUT: AH 
CH 
CL 


00H (successful completion) 

Bits «7..0» of maximum value for cylinder 

Bits «7..6» are bits «9..8» of cylinder 

Bits «5..0» are the maximum value for the sector 
Maximum value for head I 
Number of drives (0..2) 


AH Hui 


BXV I T T MP B M IMP Bg PTT ÍTTT TT FP TT TTT 


CH| MAX CYLINDER MAX CYL/MAX SEC 
DH| MAX HEAD # OF DRIVES 


DH 
DL 


AL 


CL 
DL 


If CF = 1, AH = Status, operation error. 
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INT 13h, AH = 09h loads the fixed disk drive parameters into the fixed disk drive 


control registers. 


INT 41h points to the parameter table for fixed disk drive 1 (Drive Select 
INT 46h points to the parameter table for fixed disk drive 2 (Drive Select 


INPUT: AH 
DL 


09h 
Drive Select (80h..81h) 


AHL 09h |///1 4 L1 1141/1 | AL 


BX|// T I P MP MP P M IP Bg MITT BU TPNTPBTPPGIG 


CX V T P: BM MB Il MB B GMlMl ll MF T B B TTT TTT 
DH|/// [I I T TB BP DRIVE 


DL 


OUTPUT: IF CF 


= OOH (successful completion) 
CF = 


Status, operation error 


| OP STATUS SL SS////IS/TS/T// | AL 
HH B I n d NA 
HU M TL B B P n n d 


lH PIT PP T B B IT FTT T P P TT ll PT B P TB BG BG B 


Lo 
Ho w 


AH 
BX 
CX 
DX 


80h). 
8lh). 
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INT 13h, AH = OAh - Read Long 


INT 13h, AH = OAh reads the specified sectors of data, plus the four Error Checking 
and Correcting code (ECC) bytes into the buffer to which ES:BX points. 


INPUT: AH = 0Ah 
AL = Sector Count - number of sectors to be read 
ES:BX = Buffer Address 
CH = Bits «7..0» of starting cylinder 
CL = Bits <7..6> are bits «9..8» of starting cylinder 
Bits «5..0» starting sector 
DH = Starting Head 
DL = Drive Select (80h..81h) 


AH SECTOR COUNT | AL 
BX BUFFER OFFSET 

CH CYL/SECTOR | CL 
DH HEAD DRIVE DL 


ES BUFFER SEGMENT 


OUTPUT: If CF = 0, AH = 00h (successful completion) 
CF = 1, AH = Status, operation error 


HH BGSg UM 


FM IT BB B P B BB Ul CTI TTTTTTTTTTTI 
MIB ILTÉTTT LL PL TT TFT FTT T TTG 


HUUBBll(«l«l^llÁlllll ll l P P T PL Tl 


AH 
BX 
CX 
DX 


AL 


The maximum number of sectors that can be read is 127 (7Fh). A sector count of 00h 
implies 256 sectors. 
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INT 13h, AH = OBh - Write Long 


INT 13h, AH = OBh writes the specified number of sectors of data, plus the four 
Error Checking and Correcting Code (ECC) bytes. ES:BX points to the starting 
address for the data to be written. 


INPUT: AH = OBh 

AL = Sector Count - number of sectors to write 

ES:BX = Buffer Address 
CH = Bits «7..0» of starting cylinder 
CL = Bits <7..6> are bits <9..8> of starting cylinder 

Bits <5..0> starting sector 

DH = Starting Head 
DL = Drive Select (80h. .81h) 


ES BUFFER SEGMENT 


AL 


CL 
DL 


OUTPUT: If CF 00h (successful completion) 
CF = 1, AH = Status, operation error 


AL 


i 
© 
> 
BE 

L 


AH 
BX 
CX 
DX 


The maximum number of sectors that can be read is 127 (7Fh). A sector count of 00h 
implies 256 sectors and generates an error from INT 13h. 
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INT 13h, AH = OCh - Seek Cylinder 


INT 13h, AH = OCh instructs a fixed disk drive to step the drive head to the 
specified cylinder. 


INPUT: AH = OCh 
CH = Bits «7..0» of target cylinder 
CL = Bits «7..6» are bits <9..8> of target cylinder 


Bits <5..0> are not used 
DL = Drive Select (80h. .81h) 


AH HG g Ml 
Bx LB B B gM UT | 
CX 
DH DRIVE 


EST P MP : : : C: :,:,ál M  l ll lldl|I 


AL 


DL 


00h (successful completion) 


OUTPUT: If CF 0, A 
-]1,A Status, operation error 


H 
CF , AH 


HMM B HUM 
HUM P P P P wg 


PF PM OO LT ML TTA ATT ATTA TTT 


MB 


AH 
BX 
CX 
DX 


AL 
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wu INT 13h, AH = ODh - Alternate Disk Reset 


INT 13h, AH = ODh resets the fixed disk drive controller. This interrupt has the 
same results as INT 13h, AH = OOh. 


ODh 
Drive Select (80h. .81h) 


INPUT: AH 
DL 


AH AL 
BX 
CX 
DH DRIVE 


DL 


OUTPUT: If CF 
CF 


AL 


00h (successful completion) 


0, AH 
1, AH = Status, operation error 


AH 
BX 
CX 
DX 


——————— o o———————Á——————PnÀ MM NOR ee RR RR 
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INT 13h, AH = 10h - Test Drive Ready- 


INT 13h, AH = 10h tests the status of the DRIVE READY- signal on the selected 
fixed disk drive. 


INPUT: AH = 10h 
DL = Drive Select (80h..81h) 
AH HUI | AL 


HILL PMB MBGMAMAMPMPMCLMPLMCMMÜPMT TT TET 
HI BBB GM CU MBGMVMAMMPMBMPMP(PMMBMPB BCMAMITITITI 
M IU B BMITITPLTPITI DRIVE 


BX 
CX 


DH DL 


OUTPUT: If CF 
CF 


00h (successful completion) 
Status, operation error 


HH B B g111 


il i 
> 
Es un 
I I 


AH 
BX 
CX 
DX 


AL 


— C ———— — M 
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INT 13h, AH = 11h - Recalibrate Drive 


INT 13h, AH = 11h instructs the specified fixed disk drive to recalibrate. The 
fixed disk drive recalibrates by positioning the fixed disk drive at track 0. 


INPUT: AH 
DL 


]1h 
Drive Select (80h..81h) 


HUM MH UA 
HUM M M I M M HM M 
HU M M P P M HM HM gg 


[11111/111/111 DRIVE 


AH 
BX 
CX 
DH 


AL 


DL 


OUTPUT: If CF 00h (successful completion) 


Status, operation error 


AH 
BX 
CX 
DX 


BB 
AL 
LILTELLTTTTLT LATTA TTT TTT TT 
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INT 13h, AH = 14h - Controller Diagnostic 


INT 13h, AH = 14h instructs the fixed disk drive controller to run a 
self-test (diagnostic). 


INPUT: AH 
DL 


14h 
Drive Select (80h..81h) 


HH M  g HM 
DRIVE 


AH 
BX 
CX 
DH 


AL 


DL 


OUTPUT: If CF 
CF 


00h (successful completion) 
Status, operation error 


HU oILAL(B(AT AL 


MIB B M M PT BB TTT TTT TTT 
FM I BB BB B BM IP CT MÜMÜÜULTTTTTTTTTTTTITI 


MIU MB BMBMM IL M B TATTLE TTT TTT TTT 


p—» 

> 

wed 
HI 


AH 
BX 
CX 
DX 
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INT 13h, AH = 15h - Get Type of Drive 


INT 13h, AH - 15h returns a drive-type code for the drive specified. 


INPUT: AH = 15h 
DL = Drive Select (00h..01h or 80h. .81h) 


AL 


AH 
BX 
CX 
DH 


DL 


OUTPUT: AH = Type of Drive 
00h = Drive not present 
Olh = Diskette without change line 
02h = Diskette with change line 
03h = Fixed disk drive 
CX:DX = If drive type = 03h, CX:DX is the capacity of the drive, in 512-byte 
sectors. Otherwise, CX:DX is unchanged. 


DRIVE TYPE 


AH 
BX 
CX 
DX 


AL 
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INT 41h - PTR - Fixed Disk Drive 1 Parameter Table [0000:0104 


The vector for INT 41h points to a fixed disk drive parameter table for fixed disk 
drive 1. The vector for INT 46h points to a fixed disk drive parameter table for 
fixed disk drive 2. These identical tables contain drive-dependent information 
used to program the fixed disk drive controller. Refer to the Fixed Disk Drive 
section of this manual. 


INT 46h - PTR - Fixed Disk Drive 2 Parameter Table [0000:0118 


Fixed Disk Drive Parameter Table 1/Fixed Disk Drive Parameter Table 2 
(same as above). 
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w Parameter Offset 


+00h 
+02h 


+09h 
RESERVED *0Ah 
RESERVED *0Bh 
LANDING ZONE CYLINDER +0Ch 
SECTORS/TRACK *OEh 


RESERVED 
DRIVE CONTROL 
BIT 

76543210 


000 (Reserved) 


E 


] = More than 8 heads 


00 (Reserved) 


Retries 
00 = Enabled 
11 = Disable 


The Max ECC Burst byte is always 00h. The Drive Control byte value is 00h for a 
fixed disk drive with 8 heads or less. The Drive Control byte value is 08h for a 
fixed disk drive with 9 heads or more. 


i ee RR 
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INT 76h - HW - IRQ14, Fixed Disk Drive Interrupt [0000:01D8 


INT 76h interrupt occurs at the completion of a fixed disk drive operation. 

The vector for this interrupt points to the entry point of the Fixed Disk Drive 
Operation Complete routine. The source of this interrupt is the fixed disk drive 
controller hardware. 


ROM ENTRY: Points to ROM Fixed Disk Drive Interrupt handler 


ROM ACTION: Calls made to the ROM using INT 13h for fixed disk I/O are normally 
suspended internally until INT 76h occurs, signifying completion. 


INPUT: None 
OUTPUT: None 
USE: The vector for this interrupt can be changed to intercept fixed disk I/O 


operations for special real-time operating system requirements, such as 
concurrent diskette drive I/0. 
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w 8.7 KEYBOARD 
INTERRUPTS 


The BIOS generally controls all interactions with the keyboard. However, the 
interrupts and memory locations used for the keyboard make it very easy to change 
the keyboard functions. 


Sys Req Key 


The SYS REQ key is a special key. It is not encoded, nor is anything placed in the 
keyboard queue when it is pressed. 


Pressing the SYS REQ key invokes INT 15h with AH = 85h, AL = 00h (SYS REQ Make 
code). Releasing the SYS REQ key invokes INT 15h with AH = 85h, AL = Olh 
(SYS REQ Break code). 


The SYS REQ key does not interact with any other key and is not repeating. An 
application must trap INT 15h in order to make use of the SYS REQ key. 


RAM location 0040:0018 stores the SYS REQ key status. If bit <2> in the status 
byte at 0040:0018 is set, the SYS REQ key is currently held down. The bit is 
cleared when the SYS REQ key is released. 
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Keyboard Indicators 


The BIOS normally controls the state of the keyboard LED indicators. It 
automatically changes the state of the LED indicators to reflect the current 
status of CAPS LOCK, NUM LOCK, and SCROLL LOCK keyboard functions. 


All communications to the keyboard occur through ports 60h and 64h of the 8042 
keyboard controller. 


To change the keyboard LED state, use the IN and OUT instructions of the 


80386SX to: 

1. Read port 64h to determine the input/output status of the 8042, making sure the 
input buffer is empty. 

2. Write the Disable Keyboard (ADh) command to port 64h to disable the keyboard 
interface. Read the scan code from port 60h. 

3. Wait until the 8042 input buffer is empty. Output EDh to the keyboard assembly 
using port 60h. Wait until an ACK (the first of two ACK bytes) is received 
from port 60h. 

4. Write the LED data byte when the 8042 input buffer is empty. Wait until the 
second ACK byte is received. 

5. When the 8042 buffer is empty, write the Enable Keyboard (AEh) command to the 


————————— —— —n— — —Á—'/————— —— ——  ———————————————————————!———————————————————————————————————————————————————sassiii) 


8042 to re-enable the keyboard interface. 
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Enhanced Keyboard 


A RAM variable at 0040:0096 is used in conjunction with the enhanced keyboard for 
state information. 


The format of RAM location 0040:0096 (byte) is defined below: 


BIT 
76543210 


Last code was Elh 


^r 


Last code was EOh 

Right CTRL key down 

Right ALT key down 

Enhanced keyboard installed 

If enhanced keyboard installed, force NUM LOCK 
Last character received was ID byte 


Read ID command in progress 


A RAM variable at 0040:0097 reflects the state of the keyboard LED indicators. The 
LED indicators are controlled by the keyboard BIOS through the use of commands 
issued to the 8042 keyboard controller. 
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The information in 0040:0097 is compared with the mode bits in 0040:0017 to 
determine whether the LED indicators are up to date. 


The format of RAM location 0040:0097 (byte) is defined below: 


BIT 
76543210 
SCROLL LOCK LED on 


In 


NUM LOCK LED on 


— 
L 


CAPS LOCK LED on 

0 (Reserved) 

] = ACK reply received 

0 (Reserved) 

] = 8042 command in progress 


0 (Reserved) 


The status of the LED indicators are checked: 
= Each time a keyboard hardware interrupt occurs 
m= When the Get Key (INT 16h, AH = 00h or AH = 10h) function is invoked 


= When the Check For Key Available (INT 16h, AH = Olh or AH = 11h) function 
is invoked 


The ability to adjust the volume of the keyclick is a BIOS feature unique to 
COMPAQ personal computers. Two RAM locations are associated with the keyclick: 


Address Bytes Contents 
0040:0015 l Previous Scan Code 
0040:0016 1 Keyclick Loudness (0..127) 
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Miscellaneous BIOS 
Keyboard Information 


Immediately after placing a key in the keyboard queue, INT 15h is called with 
AH = 91h, AL = 02h. (See "Device Wait’ and "Device Post" under INT 15h functions.) 


Keys and key combinations that do not cause something to be placed in the keyboard 
queue (such as simply pressing and releasing the CAPS LOCK key) do not cause a 
Device Post. Pause (CTRL + NUM LOCK) does not perform either a Device Wait or a 
Device Post. 


Decimal keyboard codes can be entered by holding down the ALT key, entering the 
number on the numeric keypad, then releasing the ALT key. This feature works 
regardless of the state of the NUM LOCK key. For example, to enter the pi 
character: hold down the ALT key; type "227" on the numeric keypad; release the 
ALT key. 


The Get Key function (INT 16h, AH = 00h or AH = 10h) executes a Device Wait 
(INT 15h, AH = 90h, AL = 02h) if a keycode is not currently available in the 
keyboard queue. 


The following key combinations do not place scan codes in the keyboard 
type-ahead buffer: 


= Increase keyclick loudness (CTRL + ALT + Numeric Keypad "+") 
= Decrease keyclick loudness (CTRL + ALT + Numeric Keypad "-") 
= Internal/external display select (CTRL + ALT + > and CTRL + ALT + <) 


= Toggle underlining on current display character (CTRL + ALT + [underscore] ) 


To indicate the received time-out errors, parity errors, and overrun errors, the 
8042 places a scan code of FFh in its output buffer. The system beeps once when it 
receives the FFh from the keyboard. 


To indicate transmit time-out errors, the 8042 places a scan code of FEh in its 
output buffer. 


Interrupts remain enabled and execution is suspended if CTRL + NUM LOCK is input. 
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Table 8-12 lists the BIOS keyboard interrupts and memory locations used. 


Table 8-12. BIOS Keyboard Interrupts and Memory Locations Used 


Memory 
Interrupt Type Location Bytes Function 
INT 09h HW 0000:0024 4 [RQ1, Keyboard Interrupt 
INT 16h SW 0000: 0058 4 Keyboard I/0 
INT 1Bh SW 0000: 0066 4 = CTRL-Break Service 
INT 74h HW 0000:01D0 4 IRQ12, Aux Input 
Memory Locations Affected by Interrupts 
0040:0015 1 Previous Scan Code 
0040:0016 l Keyclick Loudness 
0040:0017 2 Keyboard Bit Status 
0040:0019 l Accumulator for ALT Key Input 
0040:001A 2 Keyboard Buffer Pointer-Head 
0040:001C 2 Keyboard Buffer Pointer-Tail 
0040:001E 32 Keyboard Type-Ahead Buffer (16 entries) 


0040:0071 l Break Bit 

0040:0080 2 Keyboard Buffer Begin 

0040:0082 2 Keyboard Buffer End 

0040:0096 l Enhanced Shift Status 
l 


0040:0097 Keyboard LED Flags 


D 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 8-83 


INT 09h - HW - IRQ1, Keyboard Interrupt [0000:0024] 
- CPU - 80387SX Segment Overrun 


INT 09h occurs each time a keyboard key is pressed or released. INT 09h normally 
handles the keyboard interrupts from IRQ1. However, if the system is operating in 
the Protected mode, INT 09h is issued by the 80386SX when an 80387SX Segment 
Overrun exception is detected. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict. (See INT 15h, AH = 89h.) 


ROM ENTRY: Points to ROM Keyboard Interrupt handler 


ROM ACTION: The interrupt routine reads the key from the 8042 keyboard registers, 
encodes the key or takes special action if required, notifies the 8042 
that the key has been read, clears the 8259A interrupt controller, and 
loads the encoded key into the keyboard buffer. 


INPUT: Keyboard 
OUTPUT: Keyboard type-ahead buffer 


USE: The vector for this interrupt can be changed to select a user-supplied 
input device handler. 
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INT 16h - SW - Keyboard I/O [0000:0058] 
INT 16h is called to perform all functions related to keyboard I/O. 


ROM ENTRY: Points to Keyboard I/0 ROM entry point 


ROM ACTION: Upon entry, control is transferred to one of seven routines (listed 
below) based on the function code in register AH. Illegal function 
codes cause control to simply return to the calling program. All 
registers except those returning a value are preserved. Interrupts 
remain enabled. Table 8-13 summarizes the functions of the 
keyboard I/O. 


Table 8-13. Keyboard I/0 Function Summary 


Register AH Function 

00h Get Key 

Olh Check for Key Available 

02h Read Shift Status «9 
03h Set Repeat Key Rate and Delay 

05h Place Scan Code/Character in Type-Ahead Buffer 
10h Get Enhanced Key from Type-Ahead Buffer 

11h Check for Enhanced Key from Type-Ahead Buffer 
12h Get Enhanced Key Status 

FOh Set CPU Speed 

Fih Read Current CPU Speed 

F2h Determine Attached Keyboard 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 8-85 


uw These functions and their related parameters are discussed below. 


INT 16h, AH = 00h - Get Key 


INT 16h, AH = 00h reads a scan code/character pair from the keyboard BIOS 
type-ahead buffer and returns it to the calling program. If no key is available in 
the type-ahead buffer, this function waits until a key is pressed before returning 
control to the program performing the function. If the application program does 
not wish to wait for keys to be pressed, function AH = Olh should be performed to 
determine whether any characters exist in the type-ahead buffer before attempting 
to get them using the AH = 00h function. 


INPUT: AH = 00h 


AH HILL TG G 


BX II TT B P BT ll llIlIIITITTg Bg B UL B MULT L 
CXV TP PB Pg 'ÜUÜlITI TE LP P TATA g gll 
DX U TT T T P Pg B l'llÉTTT PP Bg UL IL EL L B g gMAÓ 


AL 


OUTPUT: AH 
AL 


Scan Code 
Character 


CHARACTER 


AH 
BX 
CX 
DX 


AL 
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INT 16h, AH = Oth - Check For Key Available 


INT 16h, AH = Olh should be performed to determine whether any key scan codes are 
present in the keyboard BIOS type-ahead buffer. If a scan code/character is 
present, it is not removed from the type-ahead buffer. 


INPUT: AH = Olh 


AL 
HUM Gg Hd 


AH 
BX 
CX 
DH 


DL 


OUTPUT: ZF = Result 
- ] - No keys available 
= 0 - Key available 
AH = Scan Code 
AL = Character 
AH AL 


BX 
CX 
DX 


E TTT ATTA TTT 
FM IB B B Bg M IL MT M P I ITTTCT TT TT TTG 
MI MB B BMBg M M LLLITCPCÁMPCNPNPLLILILTTTTTT T B B 


The character is not removed from the keyboard input buffer. 
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INT 16h, AH = 02h - Read Shift Status 
INT 16h, AH = 02h returns the SHIFT status byte. 


INPUT: AH = 02h 


AH 
BX 
CX 
DX 


02h LITLTTTTTTL TTT 


FLLTTITLTTTTTTAT ATTA ATTA TTT 


///1/1/11/11111111111111/1111111 


FLLETTLTLT LTT TTT ALATA TT 


AL 


OUTPUT: AL = Shift Codes 


HA B B 9 4 UM 


EDD 


P MIU MB BB MITTIT IIT AAT 
BB 


AH 
BX 
CX 
DX 


AL 


BIT 
TTA KEY HELD DOWN: 


= = Right shift 
Left shift 

l = CTRL 

l = ALT 

MODE IN EFFECT: 

1 = SCROLL LOCK 

| = NUM LOCK 

| = CAPS LOCK 

| = Insert 
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INT 16h, AH = 03h - Set Repeat Key Rate and Delay 


INT 16h, AH = 03h is used to set the repeat key rate and delay for all repeat keys 
on the keyboard. The delay value placed in BH should not exceed 3. The repeat 
rate value in BL should not be greater than 63 (decimal). If these values exceed 
their allowed limits, the repeat rate and delay are not set. 


INPUT: AH = 03h 


AL = O5h 
BH = Repeat delay (1..3) 
BL = Repeat rate (1..63) 


AH 
BH 
CX 
DX 


03h 05h 


| REPEAT DELAY | REPEAT RATE - 
HH M T M T 
HH M T T 


AL 
BL 


OUTPUT: None; flags are unaffected 
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INT 16h, AH = 05h - Place Scan Code/Character in Type-Ahead Buffer 


INT 16h, AH = 05h places the scan code and character specified in CH and CL in the 
keyboard BIOS type-ahead buffer. 


INPUT: AH 
CH 
CL 


05h 
Scan code 
Character 


05h 


AH 
BX 
CH 
DX 


AL 


CL 


OUTPUT: AL = 00h, CF 


I 
© 


, if scan code and character are placed in 
type-ahead buffer 

, if type-ahead buffer is full and the scan code and 
character are not placed in the type-ahead buffer 


LITETTTLTTTT TTT STATUS 


PILTELELTTTTLT TLL AT TTT TLL 


[I/III 
FP UT P PB M I TTT TTT 


AL = Olh, CF 


I 
— 


AH 
BX 
CX 
DX 


AL 
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INT 16h, AH = 10h - Get Enhanced Key from Type-Ahead Buffer 


INT 16h, AH = 10h reads a scan code/character pair from the keyboard BIOS 
type-ahead buffer. If no key is available in the type-ahead buffer, this function 
waits until a key is pressed before returning control to the program performing the 
function. If the application program does not wish to wait for keys to be pressed, 
function AH = 11h should be performed to determine whether any characters exist in 
the type-ahead buffer before attempting to get them using the AH - 10h function. 


This function should be used instead of function AH = 00h if the enhanced keyboard 
is used in Mode 2. This function allows applications to obtain the scan codes for 
the additional keys in the enhanced keyboard. These keys include F11, F12, and the 
keys in the cursor control cluster. (See "Keyboard and Auxiliary Input Subsystem’ 
chapter for scan codes generated by the 84-key and enhanced keyboards.) 


INPUT: AH = 10h 


HA B VB VH M G 


M IU BB MM IEEITCTCPCNCCLECPLL(NCLNVPEDLTBTITTTTI 


FM IB BB Bg PL CBMB M TL LMMLLTTTTTTTTTI 


MI BB BB MILL M TAT TATA TTT TTT 


AH 
BX 
CX 
DX 


AL 


OUTPUT: AH 
AL 


Scan code 
Character 


SCAN CODE CHARACTER 


S/I 
//1111111/1/111///1111/1/111/1111 
//1111/1/1//1/[1//111/11/111111/11 


AH 
BX 
CX 
DX 


AL 
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INT 16h, AH = 11h - Check for Enhanced Key in Type-Ahead Buffer 


INT 16h, AH = 11h should be performed to determine whether any key scan codes are 
present in the keyboard BIOS type-ahead buffer. If a scan code/character is 
present, it is not removed from the type-ahead buffer. This function should be 
used instead of function AH = Olh if the enhanced keyboard is used in Mode 2. 
This function allows applications to obtain via the BIOS the scan codes for the 
additional keys in the enhanced keyboard. These keys include Fll, F12, and the 
keys in the cursor control cluster. 


INPUT: AH = 11h 


AH} lih — | 1st CHAR. AL 
BX / VT P P BI CB M  lMl lI LTT LTT TTT TTT 


CX 
DX 


ll ÁT PITT PP B TTT TTT TTT TT 


FF PT B MB M UI ME PT Bg ML TTT LTT TTT 


OUTPUT: If ZF = 1, no scan codes are in the type-ahead buffer 
If ZF = 0, then AH = first scan code present in the type-ahead buffer 
AL - first character present in type-ahead buffer 
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INT 16h, AH = 12h - Get Enhanced Key Status 


INT 16h, AH = 12h returns the status of several enhanced keyboard functions and 
keys. This function should be used instead of function AH = 02h when using the 
enhanced keyboard in Mode 2. In Mode 2, this function allows applications to 

obtain the status of the additional ALT and CTRL keys of the enhanced keyboard. 


INPUT: AH = 12h 


HU B G g HMM G 


FM IU B BB TC CM P P CB AAT ATT TT 
FM UU Bl AILLBMBMVMBAMCMPMPMPMTTIITTTTIITI 
MIU BB MMAIMVMEMEPTCBMÜÁTTTT T T TITTTTTI 


AH 
BX 
CX 
DX 


AL 
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u OUTPUT: 
BIT | 
76543210 

BH ] = Right SHIFT key held down 
] = Left SHIFT key held down 
1 = CTRL key (left and/or right) held down 
1 = ALT key (left and/or right) held down 
] = SCROLL LOCK mode in effect 
l = NUM LOCK mode in effect 
l = CAPS LOCK mode in effect 
] = INSERT key in effect 

BIT 


76543210 


B 1 = Left CTRL key held down 
i ] = Left ALT key held down 
] = Right CTRL key held down 
] = Right ALT key held down 
] = SCROLL LOCK pressed | 
] = NUM LOCK pressed 
] = CAPS LOCK pressed 


I = SYS REQ pressed 
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INT 16h, AH = FOh - Set CPU Speed 


INT 16h, AH = FOh changes the value of the interval timer 2, counter 2 to specify 
the simulated CPU speed. 


FOh 
00h Sets speed to the equivalent of an 80286-based system at 6 MHz 
(COMMON speed) 

= Olh Sets speed to the equivalent of an 80286-based system at 
12 MHz (FAST speed) 

= 02h Sets speed to HIGHest possible 

= 03h Toggles speed between 80286 8-MHz equivalent and the default 
speed selected by the system board switch (AUTO or HIGH). 

= 08h Sets speed to switch between the 80286 8-MHz equivalent speed 
and 16-MHz 80386SX speed during copy protection diskette 
operations (AUTO). 

= 09h Sets system speed to a value between 1 and 50 decimal. A value 

of 1 is the slowest speed possible, and 50 approximates the 


INPUT: AH 
AL 


16-MHz speed of the 80386SX. The estimated value to simulate the f 
speed of an 8088-based personal computer is 4 decimal (04h). 
Speed Value (1..50) 


CX 


AH 
BX 
CX 
DX 


FOh SPEED CODE 


HH T M 
| SPEED VALUE — 
HH T E TM M ML 


AL 


CX contains the speed value only when AL contains 09h. 


OUTPUT: None 
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INT 16h, AH = F1h - Read Current CPU Speed 


INT 16h, AH = Flh returns the current system speed. 


INPUT: AH = Fih 


AL 


AH 
BX 
CX 
DX 


OUTPUT: AL = Speed Code (00h, Olh, 02h, 08h, 09h) 


Hull /| SPEED CODE — 
HU B B ll ll 


ERE TTL LTA ATT 


AL = 00h if system speed is set to COMMON 6-MHz 80286 speed equivalent 

= Olh if system speed is set to FAST 8-MHz 80286 speed equivalent 

= 02h if system speed is set to HIGHest possible 

= 08h if system speed is set to AUTO 

= 09h if system speed has been set by BIOS function AH = FOh, AL = 09h 
CX = Speed Value (02h. .35h) 
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INT 16h, AH = F2h - Determine Attached Keyboard 
INT 16h, AH = F2h determines whether a 9 or an 11 bit keyboard is in use. 


The COMPAQ DESKPRO 386s only supports an 11 bit keyboard. Therefore, AL will 
always be OOh. 


INPUT: AH = F2h 


HH M G g HMM 


OUTPUT: AL = 00h 


LITT 
HIM BW B HU 


MIB BB MVÜAUMLMLBPCMCMPNM M MT TTT AT TT TT 
FM IU B BB MILL BM TTT TLL ATT 


AH 
BX 
CX 
DX 


AL 


AH 
BX 
CX 
DX 
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INT 1Bh - SW - CTRL-BREAK Service 


INT 1Bh is called from the ROM when the CTRL + BREAK keys are pressed. INT 1Bh is 
provided to allow operating systems and user programs a way to exit a program. 


ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: Control returns to the calling program 


USE: The vector for this interrupt is normally used by the operating system. 
It can be changed to point to a user-supplied routine. 


ee 
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8.8 PRINTER INTERRUPTS 


The printer BIOS provides a simplified interface to the parallel printer ports. 
Functions are provided for initializing a printer, printing characters, and 
checking the printer status. 


Although printer BIOS operation is not interrupt driven, a Device Wait interrupt 
(INT 15h, AH = 90h, AL = FEh) is supported internally. It is executed if the 
printer is not ready when the Print Character function is called. Printer 
interrupt IRQ7 (INT OFh) is available for systems software. 


During power-on, the BIOS searches for parallel printer interfaces at two standard 
port locations: 3BCh and 378h. When an interface is found, the BIOS places the 
printer port base address in BIOS memory, beginning at 0040:0008. Therefore, when 
programming a printer port, use the address extracted from the table in BIOS memory 
rather than a hard-coded address. 


In addition to being directly callable by application software, the Print Screen 
function (INT 05h) is invoked by the keyboard BIOS when the Shift and PRTSC keys 
are pressed simultaneously. INT 05h repeatedly invokes INT 17h for each character. 
Characters in every position on the screen are sent to the printer without 
suppressing trailing blanks. A flag in BIOS RAM at location 0040:0100 contains the 
Print Screen status. 


Printer BIOS provides a time-out function whose length is programmable by the user. 
A 4-byte table in BIOS memory beginning at 0040:0078 is reserved for setting the 
time-out values for each parallel printer port. At power-on these time-out values 
are initialized to 20 and may be set from 1 to 255. Each increment is 
approximately 1 second. 
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Table 8-14 lists the BIOS printer interrupts and the memory locations used. 


Table 8-14. Memory Locations Used by BIOS Printer Interrupts 


Memory 

Interrupt Type Location Bytes Function 

INT 05h SW 0000:0014 4 Print Screen CPU, Bound-Exceeded 

INT OFh HW 0000:003C 4 [IRQ7, Printer Interrupt 

INT 17h SW 0000: 005C 4 Printer I/O 

Memory Locations Affected by Interrupts 

0040:0008 2 Base Address of Printer Port 0 
0040:000A 2 Base Address of Printer Port 1 
0040:000C 2 Base Address of Printer Port 2 
0040: 000E 2 Base Address of Printer Port 3 
0040:0078 l Time out for Printer Port 0 
0040:0079 l Time out for Printer Port ] 
0040:007A l Time out for Printer Port 2 
0040:007B l Time out for Printer Port 3 
0040:0100 l Print Screen Status 
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INT 05h - SW - Print Screen - CPU - Bound Exceeded [0000:0014 


INT 05h is initiated by explicitly executing an INT 05h instruction (for Print 
Screen) or by exceeding the limits specified in the Bound Exceeded instruction. 


ROM ENTRY: Points to ROM Print Screen handler 


ROM ACTION: Interrupt routine is used by the ROM keyboard handler when the 
PRTSC key is pressed. INT 05h uses INT 10h to read the screen and 
INT 17h to send characters to the printer. 


When INT 05h is called, the current cursor position is saved. The cursor position 
is restored when the printing is completed. Address 0040:0100 contains the status 
of the Print Screen operation; 00h = Print Screen Not In Operation (or successful 
completion of a print screen call); Olh = Print Screen Is In Progress. A value of 
FFh is returned when a time-out is detected. If the printer is off-line or is not 
ready, the Print Screen function times out in one character time. 


If another Print Screen call is attempted while an operation is in progress, the 
call is ignored. Trailing spaces are not compressed. All registers are preserved. 
INT 05h runs with interrupts enabled. 


INPUT: None 
OUTPUT: 0040:0100 = Status of Print Screen 


USE: An application program may use the interrupt to request a hardcopy of the 
display. This vector is normally changed for enhanced screen functions, such 
as handling graphics screens, interfacing with special printers, and 
redirecting output to files. 


A replacement INT 05h handler can determine the source of the interrupt by 
examining the two bytes preceding the instruction to which the return address 
on the stack points. If the bytes are CDh, 05h, the source of the interrupt is 
an INT 05h. 


The Print Screen function conforms to the printer time-out variables in the same 
way as does the Print function. 
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INT OFh - HW - IRQ? - Printer Interrupt [0000:003C] 

INT OFh is not used. 

ROM ENTRY: Points to a dummy interrupt return 

ROM ACTION: Returns 

INPUT: None 

OUTPUT: None 

USE: The vector for this interrupt can be changed to intercept printer character 


interrupts for special real-time operating system requirements, such as 
print spooling. 


INT 17h - SW - Printer 1/O [0000:005C] 


INT 17h is called to perform all functions related to printer I/O. 

ROM ENTRY: Points to Printer I/O ROM entry point 

ROM ACTION: Upon entry, control is transferred to one of three routines 
(Print Character, Initialize, Get Status) based on the function code in 
register AH. Illegal function codes cause control to simply return. 
All registers except those returning a value are preserved. 


The following table gives the function summary of the Printer I/0: 


Printer I/O Function Summary 


Register AH Function 
00h Print Character 
Olh Initialize Printer 
02h Get Printer Status 


Interrupts remain enabled. 
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Functions and their related parameters are individually described below. 


INT 17h, AH = OOh - Print Character 


INT 17h, AH = 00h writes the specified character to the printer. 


INPUT: AH = 00h 
AL = Character to be printed (00h. .FFh) 
DX = Printer Port Number (0..3) 


AH CHARACTER 


BX// MP MP M M PM MB B MM ETT TT T TTTTTTI 
CX | Pg MIB MB MI BBMTTTIITPTTCTTTTTTTTIB 
DH PRINTER PORT 


AL 


DL 


MEN 2 SEEN MM. in 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 8-103 


OUTPUT: AH = Status 


Hl 


[PV IIT TTC Tl C CETTE T TCTC LT TT T T B BÓ] 
SIII 
PLLETTLTLTTTL TTT TAT LTT 


AH 
BX 
CX 
DX 


AL 


BIT 
76543210 
L— Time-out 
0 (Reserved) 
I/O error 
Selected 


Out of paper 
Acknowledge 


Ready 


The return status for some typical operations are given below: 


Status: AH 
AH 


10h (from normal operation) 
00h (base address = 0000h port not installed) 


some printers return with bit «3» = 1 when off line. 


INT 15h, AH = 90h is performed when the Print Character function is called but the 
printer is not ready. 
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INT 17h, AH = Oth - Initialize Printer 


INT 17h, AH = Olh initializes the printer, then polls the printer for the printer 
status and places the printer status in the AL register. 


INPUT: AH = Olh, 
DX = Printer Port Number (0..3) 


OUTPUT: AH = Status 
= 00h (from normal operation) 
= Olh (base address = 0000h) 


//1111111111111 


FU M B BB MIEL P BM IE P B TT TT BTITITI 
lll IEITBB C B M ELCTCT PTT TT TB TTT AT TT 
PRINTER PORT 


AH 
BX 
CX 
DX 


AL 


BIT 
76543210 


| L— Time-out 
0 (Reserved) 


I/O error 
Selected 
Out of paper 
Acknowl edge 


Ready 
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INT 17h, AH = 02h - Get Printer Status 


INT 17h, AH = 02h polls the printer for the printer status and places this value in 
the AL register. 


INPUT: AH 
DX 


02h, 
Printer Port Number (0..3) 


AH HL BG AVAL g | AL 


BX V TT PB Bg M Ml l IFIITIBBg Bg MAL HMM P gl gl 
CX UT B PB MI Pl MB B M ILI lg LLL LTT ATT TT 
DX PRINTER PORT 


OUTPUT: AH = Status 


BIT 
76543210 


im Time-out 
00 (Reserved) 
I/O error 
Selected 
Out of paper 
Acknowledge 
Ready 
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Some typical return status are listed below: 


Return Status 


a  ''M——————— ————— — — ———————— 


Register AH Function 

00h Off line 

02h Read (base address = 0) 

08h Power off, cable on 

30h Cable off 

90h Read status after print 

BBh Port init (no printer port installed) 


Some printers return with bit «3» = 1 when off line. 
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8.9 PROCESSOR 
INTERRUPTS 


The 803865X processor has several predefined interrupts for notifying system or 
application software of execution exceptions. These are categorized as processing, 
debug, and arithmetic interrupts. 


= Processing Interrupts are: 
- INT 05h (Bound Exceeded) 
- INT 06h (Invalid Opcode) 
- INT 08h (Double Fault) 
- INT OAh (Invalid TSS) 
- INT OBh (Segment Not Present) 
- INT OCh (Stack Segment Overrun) 
- INT 0Dh (General Protection) 
- INT OEh (Page Fault) 


= Debug Interrupts are: 
- INT Olh (Single Step) 
- INT 03h (Software Breakpoint) 


= Arithmetic Interrupts are: 
- INT 00h (Divide By Zero) 
- INT 04h (Arithmetic Overflow) 


For a detailed explanation of each interrupt, refer to the Intel "80386 
Programmer's Reference Manual”. 
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Table 8-15. Memory Locations used by 80386SX Processor Interrupts 


Memory 
Interrupt Type Location Bytes Function 
00h CPU 0000:0000 4 Divide by Zero 
Olh CPU 0000:0004 4 Debug Exception 
03h CPU 0000:000C 4 SW Breakpoint 
04h CPU 0000:0010 4 Arithmetic Overflow 
05h CPU 0000:0014 4 Bound Exceeded 
06h CPU 0000:0018 4 Invalid Opcode 
08h CPU 0000:0020 4 Double-Fault error 
OAh CPU 0000:0028 4 Invalid TSS 
OBh CPU 0000: 002C 4 Segment Not Present 
OCh CPU 0000:0030 4 Stack Segment Overflow 
ODh CPU 0000:0034 4 General Protection 
OEh CPU 0000:0038 4 Page Fault 
7 d 
INT 00h - CPU - Divide By Zero [0000:0000 
INT 00h is initiated when either a divide-by-zero or divide-overflow operation 
takes place in the 803865X. 
ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: Control returns to the calling program 
INPUT: None 
OUTPUT: None 
USE: It is the responsibility of operating system or application program to use 
this vector. 
9 
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INT 01h - CPU - Debug Exception [0000:0004] 


INT Olh is initiated when an instruction is executed with the trace flag (TF) set 
or a DEBUG register (DRO..DR7) breakpoint condition is met. 


This interrupt provides a debugging program with the ability to execute 
instructions individually within a program. 


INT Olh is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 

INPUT: None 

OUTPUT: None 


USE: It is the responsibility of the operating system or the application program 
to set up this vector for useful action. 
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INT 03h - CPU - Software Breakpoint [0000:000C 


INT 03h is initiated by execution of either the single-byte or double-byte INT 03h 
instruction (opcode CCh or CDh, 03h). 


When the system encounters this interrupt, it jumps to the address pointed to by 
the INT 03h vector (0000:000C). 


This interrupt provides a debugging program with a means of suspending program 
execution so that system control can return to the debug program. 


ROM ENTRY: Points to a dumny interrupt return 

ROM ACTION: Control returns to the calling program 
INPUT: None 

OUTPUT: None 


USE: It is the responsibility of the operating system or the application program 
to set up this vector for useful action. 


INT 04h - CPU - Arithmetic Overflow [0000:0010] 


INT 04h is initiated by execution of an INTO instruction when the overflow 
flag (OF) is set. 


ROM ENTRY: Points to a dummy interrupt return 

ROM ACTION: Control returns to the calling program 
INPUT: None 

OUTPUT: None 


USE: It is the responsibility of the operating system or the application program 
to set up the vector to process this interrupt. 
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INT 05h - CPU - Bound Exceeded [0000:0014] 
- 9W - Print Screen 


INT 05h is initiated either by explicitly executing an INT 05h instruction 
(for Print Screen), or by exceeding the limits specified in the Bound Exceeded 
instruction. Bound Exceeded is not supported by the BIOS. 

ROM ENTRY: The interrupt vector points to the Print Screen handler 

ROM ACTION: See above 

INPUT: See above 

OUTPUT: See above 


USE: A replacement INT 05h handler can determine the source of the interrupt by 
examining the two bytes before the instruction pointed to by the return 
address on the stack. If the bytes are CDh, 05h, then the source of the 
interrupt is an INT 05h. It is the responsibility of the operating system 
or the application program to set up the vector to process the 
INT 05h interrupt. 


INT O6h - CPU - Invalid Opcode [0000:0018] 


INT 06h is initiated by the 80386SX when an illegal instruction is executed. 


INT 06h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program 
to set up this vector for useful action. 
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INT 08h - CPU - Double-Fault Error [0000:0020] 
- HW - IRQO, Tick Counter 


INT 08h normally handles the Tick-Counter hardware interrupts from IRQO. However, 
if operating in the Protected mode, INT 08h is issued by the 80386SX when a 
Double-Fault Error is detected (processor cannot continue). 

Operating system software running in the Protected mode can readily relocate 


hardware interrupts IRQO to IRQ7 to another block of eight interrupt vectors to 
avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 


ROM ENTRY: Points to the Counter/Real-Time Clock (RTC) handler 
ROM ACTION: See description of RTC in Section 8.7 
USE: See description of system timer in Section 8.7 


INT OAh - CPU - Invalid TSS [0000:0028] 
- HW - Simulated IRQ2 «9 


INT OAh is normally issued by the BIOS in response to processing an INT 7Ih. 
However, if the system is operating in the Protected mode, INT OAh is issued by 
the 80386SX when an invalid Task-State Segment (TSS) is encountered. 


INT OAh is not processed by the BIOS other than to return control to the 
calling program. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 


USE: It is the responsibility of the operating system or the application 
program to set up this vector for useful action. 
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INT OBh - CPU - Segment Not Present [0000:002C] 
- HW - IRQ3, Comm, Secondary 


In the Protected mode, the 80386SX issues INT 0Bh when it detects a reference to a 
segment not currently mapped by its memory-management hardware. Otherwise, the 
default initialization of the interrupt controllers directs interrupts from IRQ3 
to INT OBh. 


INT OBh is not processed by the BIOS other than to return control to the 
calling program. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 
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INT OCh - CPU - Stack Segment Overflow [0000:0030] 
- HW - IRQ4, Comm, Primary 


In the Protected mode, the 80386SX issues INT OCh when it detects a push onto a 
stack that exceeds the space as allocated by memory-management hardware. 
Otherwise, the default initialization of the interrupt controllers directs 
interrupts from IRQ4 to INT OCh. 


INT OCh is not processed by the BIOS other than to return control to the 
calling program. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH - 89h.) 

ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 
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INT ODh - CPU - General Protection 
- HW - IRQ5, Not Used 


INT ODh normally handles the interrupts from IRQ5, which is not used. However, if 
the processor is operating in the Protected mode, INT 0Dh is also issued by the 
80386SX when a General Protection exception is detected. 


INT ODh is not processed by the BIOS other than to return control to the 
calling program. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 


USE: It is the responsibility of the operating system or the application 
program to set up this vector for useful action. 


INT OEh - CPU - Page Fault [0000:0034] 
- HW - IRQ6, Diskette Interrupt 


INT OEh normally handles diskette interrupts. However, if the processor is 
operating in the Protected or Virtual 8086 mode, INT OEh is issued when a page 
fault occurs. 

Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with CPU-type INT OEh. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to ROM diskette drive interrupt handler 

ROM ACTION: See description of diskette drive interrupts 


USE: The vector for this interrupt may be changed to intercept diskette drive I/0 
operations for special real-time operating system requirements. 
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8.10 SYSTEM INTERRUPTS 


This section contains descriptions of general BIOS services. These include: 
= INT llh and INT 12h for system configuration information 

= INT 15h for BIOS extensions 

= INT 18h and INT 19h for bootstrap operations 


= INT 02h for memory parity errors 


Table 8-16 lists the system interrupts and memory locations used. 


Table 8-16. System Interrupts and Memory Locations Used 


Memory 
Interrupt Type Location Bytes Function 
02h HW 0000:0008 4 Non-Maskable Interrupt (NMI) 
11h SW 0000:0044 4 Equipment Configuration 
12h SW 0000:0048 4 Base Memory Size 
15h SW 0000:0054 4 BIOS Extension 
18h SW 0000:0060 4 Boot Fail 
19h SW 0000:0064 4 Bootstrap 
Memory Locations Affected by Interrupts 
0040:0010 2 Equipment Status 
0040:0013 2 Base Memory Size in Kbytes 
0040:006/7 4 Reset Vector 
0040:0072 2 Reset Word 
0040:0098 4 Pointer to Caller s Wait Flag 
0040:009C 4 Wait Count (32-bit) 
0040: 00A0 l Wait Active Flag 
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INT 02h - HW - Non-Maskable Interrupt (NMI) [0000:0008] 


INT 02h occurs when the system detects a memory parity error. 

ROM ENTRY: Points to ROM INT 02h handler 

ROM ACTION: When an NMI interrupt occurs, the status of the parity error hardware 
latch is examined to determine the source of the parity error. The 
system displays a "Parity Check" error message, then halts. 


INPUT: State of the hardware parity error latches 


OUTPUT: Video display (if parity error) 


INT 11h - SW - Equipment Configuration [0000:0044] 


INT 11h returns a bit-encoded word relating the number and type of hardware 
devices installed. 


ROM ENTRY: Points to Equipment Configuration ROM entry point 


ROM ACTION: The equipment status word is initialized at power-on. Calls 
by INT 11h return the contents of this word in register AX. 


INPUT: None 
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OUTPUT: EAX = Configuration 


The following bit map shows the bit values for the Equipment Status Word: 


BIT 
24 15 14 13 12 11 10 9876543210 AX - Function 
L 0 = No diskette drives 
installed 
1 = Diskette drive(s) 
installed 


per bits </..6> 
80387SX installed 
0 (Reserved) (note 1) 
Initial video 
configuration (note 2) 
00 = Reserved 


01 = 40 x 25 
10 = 80 x 25 
11 = Monochrome other 


than COMPAQ 
Number of diskette 


drive(s) 
00 = 1 
01 = 2 
10 = Reserved 
11 = Reserved 


0 (Reserved) 
Number of async ports 


000 = 0 
001 = 1 
010 = 2 
011 = 3 
1002 4 


Game I/O interface 
0 (Reserved) 
Number of printers 


00 = 0 
01-1 
10 = 2 
ll = 3 


Reserved (note 1) 


NOTE: 1. Reserved bits should be masked out of any processing. 
2. Bits <5..4> normally indicate an initial video configuration 
of 80 x 25 text. 
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INT 12h - SW - Base Memory Size [0000:0048] 


INT 12h returns to the caller the amount of base RAM installed in 
l]-Kbyte increments. 


ROM ENTRY: Points to Base Memory Size ROM entry point 


ROM ACTION: The base memory size word is initialized at power-on. Calls by 
INT 12h place the number of contiguous 1-Kbyte blocks of base memory 
in register AX. 


INPUT: None 


OUTPUT: AX = Contiguous base memory size in 1-Kbyte increments 


BASE MEMORY SIZE 


FITTLTTTTL LTT TATA TTA ATT 


PF PM TT P MB MIEL TATA ATT TTT. 
PTTTLLLLLTTTTTAA TTL TT 


AX 
BX 
CX 
DX 


The number in AX is always in multiples of 64 (decimal), up to a maximum of 640. 
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INT 15h - SW - BIOS Extension [0000:0054 


INT 15h is used for a variety of BIOS functions, as summarized in Table 8-17. 


Table 8-17. BIOS Extension Function Summary 


AH Function 
4Fh Keyboard Scan Code Intercept 
80h Device Open 
81h Device Close 
82h Program Terminate 
83h Set Event Wait 
AL = Olh Cancel Event Wait 
84h Joystick 
85h SYS REQ Key Routine 
86h Unconditional Wait 
87h Move Block 
88h Extended Memory Determination 
89h Enter Protected Mode 
90h Device Wait 
91h Device Post 
COh Return System Environment 
C2h Auxiliary Input Interface 
AL = 00h Enable/Disable Pointing Device 


= Olh Reset Pointing Device 

= 02h Set Pointing Device Sample Rate 

= (3h Set Pointing Device Resolution 

= (4h Read Pointing Device Type 

= (5h Initialize Pointing Device Interface 
= (6h Pointing Device Extended Commands 

= 07h Device Driver Far Call Initialization 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 8-121 


ur INT 15h, AH = 4Fh - Keyboard Scan Code Intercept 


When a keyboard scan code is read from the 8042 by the keyboard BIOS, it invokes 
INT 15h function 4Fh with the scan code in register AL and the Carry flag set. 

This allows applications to trap INT 15h to examine and/or modify the scan codes 
generated by the keyboard. Upon return to the keyboard BIOS, the BIOS discards the 
scan code if the Carry flag has been reset. Otherwise, the scan code in 

register AL is encoded as usual. 


4Fh 
scan code received from keyboard 
l 


O D> D 
n I 
H "I 


AL 


OUTPUT: If CF 
AL 


l 
Scan Code to be used by BIOS 


NOTE: If CF = 0, BIOS discards the Scan Code 


SCAN CODE 


PP TTT ATTA AAA TTT 


HP B BM MM MA B Mg MI B TT 
EM BPBPBB B BG gà lBdvdHuL 


AH 
BX 
CX 
DX 


AL 
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INT 15h, AH = 80h - Device Open 


INT 15h, AH = 80h is a dummy routine that a user-written dispatcher is expected to 
trap. The BIOS returns with AH = 00h, CF = 0, IF = 1. 


INPUT: AH = 80h 
BX = Device ID 
CX = Process ID 


TIFFMP M, Ab 


HUM MBMMÜ(MPLLPLMLMBBMVMPMPHTTTTTITTTI 


OUTPUT: AH = 00h 
CF -0, IF - 1 
AHL 00h [MIL Bg ULT 11 | AL 


MI B B M UPMV PMBMPMVI(ALMPMPÁMBNBMIÜHITBTTTTPT 
//11111111111111111//11111/111111 


PM MB MILMWMPMLLPLBNMGMAMÜMP TAT 
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INT 15h, AH = 81h - Device Close 


INT 15h, AH = 81h is a dummy routine that a user-written dispatcher is expected to 
trap. The BIOS returns with AH = 00h, CF = 0, IF = 1. 


INPUT: AH = 81h 
BX = Device ID 
CX = Process ID 


AH] 80h SSS SSIS/III/117\ AL 


DEVICE ID 


HT M LT 


DX 


OUTPUT: AH = 00h 
CF = 


aL 0 — [/////H T1] AL 
Bx LH B M B B B 
XH BB B BB B B B 
OX LH E BE B M M B 
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INT 15h, AH = 82h - Program Terminate 


INT 15h, AH = 82h is a dummy routine that a user-written dispatcher is expected to 

trap. This routine serves as a dummy routine for multitasking support. The BIOS 

returns with AH = 00h, CF = 0, IF» 1. 

INPUT: A 82h 
B P 


H = 
X = Process ID 


AL 


AH 
BX 
CX 
DX 


OUTPUT: AH = 00h 
CF = 0 
IF = 1 


AH HUlJUUM T 
BX LL LB B BM MH LL MH  luMUN 


ex Pg: MB PL M P M TIPP MB MT PT ETT TT TTTTTT TTG 


DX P M Bg B M MM M  MUIIIITTTITTTTTB TB B 


AL 
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INT 15h, AH = 83h, AL = 00h - Set Event Wait 


A call to INT 15h, AH = 83h always returns immediately. The calling program is 
expected to poll the semaphore byte to determine completion of the wait period. 


INPUT: AH = 83h 
AL = 00h 
ES:BX = Pointer to semaphore byte in user memory; bit <7> of the semaphore 
byte is set when the wait time expires 
CX = High count of number of microseconds to wait 
DX = Low count of number of microseconds to wait 


ES SEMAPHORE SEGMENT 


AL 


OUTPUT: CF 
CF 


0 if no previously defined event is active when Event Wait is called 
l if a previously defined event is still active 


Bit «7» of the user's semaphore byte is not reset by this call prior to performing 
the Event Wait. 


The timing resolution of this call is 976 us, since RTC periodic interrupts are 
used to implement this function. 
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INT 15h, AH = 83h, AL = Oth - Cancel Event Wait 


This function is used to cancel an Event Wait performed with the function 
INT 15h, AH = 83h, AL = OOh. 


INPUT: AH = 83h 
AL = Olh 
AH AL 


BX 
CX 
DX 


FPMUMBMBMM(IMPMPLPWM MB WMBGIPTPLTTTLTCCCMIUT T TT 
BB 
HM MILLBMBMCMBAMÜAMPÜM TTT TTT ET 


OUTPUT: None 
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INT 15h, AH = 84h reads the joystick switch settings and the joystick potentiometer 
(POT) values. This function assumes that a standard joystick interface is being 
used. (Refer to the documentation accompanying the joystick for 


further information. ) 


INPUT: AH = 84h 
DX = 0000h - Read joystick switches 


AH HU B V gU T 


BX VIT T T MP B B IIl B CMT B B IF B PT TTT 
CX TT T lll lE B B gU C Bg UL T g M VL TTT 
DX 0000h 


AL 


OUTPUT: AH 
AL 
CF 


00h 
Switch settings (bits «7..4») 
0, IF=1 


BIT 
76543210 
L— 0000 (Reserved) 


Varies (joystick dependent) 
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INPUT: AH = 84h 
DX = 0001h - Read joystick POT 


AH HH udi 
BX LL TL BL B MU HL LM TL B B PL Vg MUI 


CX P M M M PHP B MB MI P B TT FF T TT TIN 
DX 


AL 


OUTPUT: AX = A(x) POT Value 
BX = A(y) POT Value 
CX = B(x) POT Value 
DX = B(y) POT Value 
CF = 0 
l 


IF = 


AX A(x) VALUE 
BX A(y) VALUE 
CX B(x) VALUE 
DX B(y) VALUE 


For invalid joystick subfunction codes in DX, the BIOS returns AH = 86h, CF = 1, 
and IF = 1. 


When a 250-kohm joystick is used, the range of returned values to be expected for 
the potentiometers range from a low of 0 to a high of approximately 416 (01A0h). 
If a game interface is not installed when these functions are invoked, appropriate 
values are still returned. That is, the values returned for the switches are 1's, 
meaning that the buttons are open, and the values returned for the potentiometers 
need to be 0's (zeros). 
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INT 15h, AH - 85h - SYS REQ Key Routine 


When the SYS REQ key is pressed, the keyboard interrupt handler invokes INT 15h 
with AH = 85h, AL = 00h. When the SYS REQ key is released, the keyboard interrupt 
handler invokes INT 15h with AH = 85h, AL = Olh. The BIOS INT 15h Make and Break 
functions are actually default dummy routines. To make use of the SYS REQ key, 
system software must trap these functions and provide a handler routine. 


RAM location 0040:0018 stores the SYS REQ key status. If bit «2» in the status 
byte at 0040:0018 is set, this means that the SYS REQ key is currently held down. 
The bit is cleared when the SYS REQ key is released. 


SYS REQ Key Pressed (Make): 


INPUT: AH = 85h 
AL = 00h (Make) 
AH AL 


BX 
CX 
DX 


///11111111111111111/1/1/1/111111l 
FLTETLTLLLTTLT TTT ATTA TTT LT 
FLLTLTTTTTTTAT TTT TATA TATA ATT TT 


OUTPUT: AH 
CF 


AL 


I L 
= 
— 
na 

I 
-T 


AH 
BX 
CX 
DX 
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SYS REQ Key Released (Break): 


INPUT: AH = 85h 
AL = Olh (Break) 


85h 01h AL 


HMM MB MIL BBMBMBMB B B MET TAT. 
FM MBMBMMPMMIIILPBBM' UT TTTITTIITÉ 
HM BB LL MB MMMMBWMBNMBGMGMÜMÜAÁPMPÜMB TB PTITTI 


AH 
BX 
CX 
DX 


OUTPUT: AH = 00h 


CF 


For invalid SYS REQ key subfunction codes in AL, the BIOS returns AH = 00h, CF = Q0, 
and IF = 1. 


HI 
© 
pt 
BA 
li 
E 


AH 
BX 
CX 
DX 
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INT 15h, AH = 86h - Unconditional Wait 


INT 15h, AH = 86h performs an unconditional wait. Control does not return to the 
calling program until the time period has expired. 


INPUT: AH = 86h 
CX = High count of number of microseconds to wait 
DX = Low count of number of microseconds to wait 


AH HM LH M GM 
BX LL P B M HL L B gU LLL gMI 
CX COUNT <31..16> 
DX COUNT «15..0» 


AL 


OUTPUT: CF = 0, the wait was actually performed 
= 1, the wait was not performed (Event Wait was currently active) 
IF = 1, (Interrupts enabled) 


If an Event Wait (AH = 83h) is active when this function is called, then the wait 
is not performed and CF = 1. If an Event Wait is not active, the function waits 
the specified time period and returns with CF = 0. The resolution of this call 
is 9/6 us, since RTC periodic interrupts are used to implement this function. 
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INT 15h, AH = 87h - Move Block 


INT 15h, AH = 87h moves (copies) a block of data to or from anywhere in physical 
memory. INT 15h, AH = 87h normally is used to move data to or from extended memory 
(past 1 megabyte) because Real mode addressing can only address the first 

] megabyte of RAM. 


The Move Block is performed with interrupts disabled; therefore, the tick counter 
is not updated during the move. 


INPUT: AH = 87h 
CX = Number of words to move (max 8000h) 
ES:SI = Pointer to Move-Block Descriptor Table 


AH HU Gg Lu HL AL 
BXV I ML ML M, M LL B B ML LP MP MM 
CX WORD COUNT 


DX |// IP M PB M MITT B MITT T T B TTT TT. 


SI DESCRIPTOR OFFSET 
ES DESCRIPTOR SEGMENT 


OUTPUT: AH = 00h If OK 
= Olh If parity error 
= 02h If exception error 
= 03h If gate address bit A20 fails 


ZF = 1 
CF = 0 If block move was successful 
ZF = 0 


CF = 1 If block move had an error 
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The following chart shows the format of Move Block Descriptor Table pointed to by 
the ES:SI registers. 


GDT [0] 
GDT [1] 
GDT [2] 
GDT [3] 
GDT [4] 
GDT [5] 


= Entries [0], [1], [4], and [5] should all be initialized by the caller to 
8 bytes of 00h each 


= Entries [2] and [3] must be valid descriptors containing the appropriate base 
addresses, limit values, and access rights 


INT 15h, AH = 88h - Extended Memory Determination 


INT 15h, AH = 88h returns the amount of memory above 1 megabyte. 


INPUT: AH = 88h 


AH 
BX 
CX 
DX 


AL 


OUTPUT: AX = Number of 1-Kbyte blocks above 1 megabyte. Flags are unaffected. 


AX 
BX 
CX 
DX 


AL 
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INT 15h, AH = 89h - Enter Protected Mode 


Upon return from the function call, the caller is executing in Protected mode. 
Address line A20 is enabled, and both Interrupt Controller 1 and Interrupt 
Controller 2 are reconfigured to use the interrupt base as specified by the user in 
registers BH and BL respectively. 


Interrupts are disabled at the processor level, and the interrupt mask registers 

(IMR) of both Interrupt Controller 1 and Interrupt Controller 2 are also disabled 
upon return. A completion code is returned in register AH. If AH returns with a 
value of 00h, then the transition to Protected mode has completed successfully. 

A non-zero value in AH signifies that the gate for address line A20 could not be 

enabled (due to hardware failure) and the caller is still executing in Real mode. 


INPUT: AH = 89h 
BH = Interrupt base for IRQO 
BL = Interrupt base for IRQ8 
ES:SI = Pointer to descriptor table 


AH Had | AL 
BX BL 


CXV MP MB MM MM B MITTTTITTTTTTTPTTT GN 
DX V/V T M B PL B M CIIIIITTPMTTTTTTTTTPTT TN 
sı[ DESCRIPTOR OFFSET —— | 


ES DESCRIPTOR SEGMENT 


TAESTE E y E EE E EE S E E S ARG E E E ES E E EE E E E GONE CEU UN Cnr sc UIT aC UR C EM ccc we gs K UIN ET EU UMUCIDNUESET 
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The following chart shows the format of the Move Block Descriptor Table to which 
the ES:SI registers point: 


GOT [0] 
GDT [1] 
GOT [2] 
GDT [3] 
GDT [4] 
GDT [5] 
GDT [6] 
GDT [7] 


= Entries [0] and [7] should be initialized to zeros (null) by the caller 
=» Entry [1] MUST contain the base address and limit for the GDT itself 


= Entry [2] must be initialized with a base address and a limit that points 
to an IDT table supplied by the caller; the caller must also supply all 
interrupt handlers 


= Entries [3], [4], and [5] contain the base address, limit, and access rights of 
the DS, ES, and SS descriptors to be used in Protected mode 


= Base address of entry [6] should be the caller's code-segment address 
expressed as a 24-bit base address, since the function call expects to return to 
the instruction following the INT 15h instruction 
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OUTPUT: AH = 00h if OK 
- FFh if A20 gate fails 
DS = User-defined selector 
ES = User-defined selector 
SS = User-defined selector 
CS = User-defined selector 
AH HL BG g gg M LI || AL 


BX 
CX 
DX 


//111111111111111111/11/1/11111/1 
[111111 


M IB BB M PPBMBMBÁM B LITT TTTTTTTTI 
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INT 15h, AH = 90h - Device Wait 


INT 15h, AH - 90h can be used for multitasking support programming. 


INPUT: AH = 90h 
AL = Type code 
00h..7Fh Not re-entrant 
80h..BFh Re-entrant 
COh..FFh Wait only 
ES:BX = Pointer to request block for device types 80h..BFh 


TYPE CODE 


ES REQUEST BLOCK SEGMENT 


AL 


OUTPUT: AH = 00h 
CF 20, IF = 1 


AH AL 
BX 
CX 
DX 


The fixed disk drive, diskette drive, printer, and keyboard ROM drivers all make a 
call to Device Wait prior to performing a time-out. This permits a user-written 
dispatcher to place another task in execution while the device time-out is taking 
place, thereby achieving better processor throughput. 


The ROM device driver tests the carry flag to determine whether the dispatcher has 
performed the time-out or whether the ROM driver should perform its usual time-out. 

— If CF = 1 upon return from the Device Wait function call, the ROM driver assumes a 
dispatcher has performed the device time-out; otherwise, the ROM device driver 
performs the usual time-out. 
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If Device Wait is not trapped by a user-written dispatcher, its usual function is 
to return AH = 0, CF = 0, IF = 1, regardless of the type code in AL, in effect 
telling the ROM driver to perform its own time-out. 


INT 15h, AH = 91h - Device Post 
INT 15h, AH = 91h can be used for multitasking programming purposes. 


Sih 

Type Code 

00h..7Fh Not re-entrant 

80h..BFh Re-entrant 

COh..FFh Wait only 

ES:BX = Pointer to request block for device types 80h..BFh 


INPUT: AH 
AL 


TYPE CODE 
REQUEST BLOCK OFFSET 


MU BB III VLL B IT TT FP ATT TT 


FM MUI MB EI LATTA TTT TATA TT 


ES REQUEST BLOCK SEGMENT 


AL 


CX 
DX 


OUTPUT: AH = 00h, Flags unaffected 


AH HU B M JUL L 


BX | T MP MP MM MP MITTTTITTTTTTTTTITI 


CX P M Ml P PPP Bl M MP P TTT LLL TTT 


DX VIT Bg B MP B M MUT ITTTTTTPPTTTTTT GN 


AL 
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The Device Post supplies the mechanism to signal a user-written dispatcher that the 
device is ready and the task associated with the device can be placed in execution 
once again. 


This function call is invoked by interrupt-driven BIOS device handlers, including 
the fixed disk drive, diskette drive, and keyboard drivers. The printer BIOS code 
does not invoke this function, because printer devices are not interrupt driven. 
The BIOS communication functions do not invoke either the Device Wait or the Device 
Post function call. Although communication I/O is not interrupt driven, time-outs 
are performed during communication. However, the communication I/O BIOS does not 
make Device Wait calls. 


If the Device Post function is not trapped by a user-written dispatcher, its usual 
function is to clear AH and return with the flags unchanged, regardless of the type 
code supplied in AL. 


Table 8-18 describes the Device Post function. 


Table 8-18. Device Post Function 


Type Code Class Description 
00h. .7Fh Not The device and associated Re-entrant ROM code are 


serially reusable (that is, not re-entrant). It is the 
responsibility of the user-supplied dispatcher to 
serialize access within a multitasking environment. 
An example of this type of device is a diskette drive. 
80h. .BFh Re-entrant The device type is re-entrant, and ES:BX is used to 
supply the address of a request packet for each of the 
possible simultaneous calls. An example of this type of 
device is an installable device driver for network access. 
COh. .FFh Wait only This type of device performs time outs, but is not 
interrupt driven. Therefore, Device Waits are executed, 
but no corresponding Device Post takes place. The 
length of the time-out is device dependent. The printer 


is an example of this device type. 
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When Device Wait and Device Post are invoked by the ROM device drivers, the 
specific device type is supplied in AL. The device values for register AL are 
given in Table 8-19. 


Table 8-19. Device Values for Register AL 


Device Value 
Fixed Disk Access 00h 
Diskette Access Olh 
Keyboard 02h 
Diskette Motor Start FDh 
Printer FEh 


For fixed disk drive and diskette drive accesses, a Device Wait is performed by the 
BIOS whenever a request is issued to the fixed disk drive controller or diskette 
drive controller. A Device Post is performed when the controller issues the 
interrupt signaling the completion of the request. For diskette drive motor start, 
no interrupt exists that signifies motor start completion, so no corresponding 
Device Post takes place. 


The Get Key keyboard function (INT 16h, AH = 00h) performs a Device Wait if no 
character is available currently in the keyboard queue. A Device Post is performed 
by the keyboard BIOS Interrupt handler once a keycode is placed in the 

keyboard queue. 


The Print Character BIOS function (INT 17h, AH = 00h) performs a Device Wait if the 


printer device is not currently ready to accept a character, thereby causing a 
time-out to be performed. 
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INT 15h, AH = COh - Return System Environment 


This function is used to request the system environment from the BIOS. 
Registers ES:BX return a pointer to a table containing various system 
configuration parameters. 


INPUT: AH = COh 


AH AL 
BX 
CX 
DX 


OUTPUT: ES:BX = Pointer to system configuration table. 


BX SYSTEM CONFIGURATION OFFSET 
ES| SYSTEM CONFIGURATION SEGMENT 


System configuration table is as follows: 


Byte in Table Parameter Parameter Size Typical Value 
0 Length of table (in byte) Word 0008h 
2 system Model Byte FCh 
3 System Type Byte 01H 
4 BIOS Revision Level Byte QOH 
5 Misc. Configuration 
Parameters Byte 70h 


bit <7> - DMA Channel 3 in use 

bit <6> - Cascaded Interrupt level 2 
bit <5> - Real-time clock available 
bit <4> - Keyboard intercept available 
bits <3..0> - Reserved 


6 Reserved Byte 00h 

7 Reserved Byte 00h 

8 Reserved Byte 00h 

T 9 Reserved Byte 00h 
< 
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INT 15h, AH = Cth Return Extended BIOS Data Area Segment 


This routine returns the segment of the extended BIOS data area in ES. 


INPUT: AH = Clh 


HUM ll 


AH 
BX 
CX 
DX 


OUTPUT: ES = Extended BIOS data area segment 
CF = 1 if error (no extended BIOS data area present) 


INT 15h, AH = C2h, AL = 00h Enable/Disable Pointing Device 


INT 15h, AH = C2h, AL = 00h will enable or disable a pointing device. 


INPUT: AH = C2h 
AL = 00h 

BH = 00h Disable auxiliary pointing device 

= Olh Enable auxiliary pointing device 


AH AL 


BH] ENABLE/DISABLE | /////////////// | BL 
ex HL HB B B B M UH LL B ]9Q aU HT 
ox HH ML B dH BÀ Hd 


OUTPUT: AH = 00h No error 

Olh Invalid function call 

02h Invalid input 

03h Interface error 

Resend command error 

05h No far call installed error 
0 Successful completion 


1 Unsuccessful operation 


CF 


nOn nn u E MW MH IM 
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INT 15h, AH = C2h, AL = Oth Reset Pointing Device 


INT 15h, AH = C2h, AL = Olh resets pointing device, returns sample rate, resolution 
and scaling to the default values (100 reports/sec, 4 counts/mm, and 

1:1 scaling, respectively). The return from this call leaves data packet size 
unchanged and pointing device disabled. 


INPUT: AH = C2h 

AL = Olh 
AH Olh AL 
Bx HH M T M T M TI 


CX 
DX 


///11111/1111111111111111111111l 
EM MBBMBMBBEEBEIL 


OUTPUT: AH = 00h No error 
= 0lh Invalid function call 
= 02h Invalid input 
= 03h Interface error 
- 04h Resend command error 
- 05h No far call installed error 
CF = 0 Successful completion 
= 1 Unsuccessful operation 
BH = Device ID (00h for a mouse) 


a a eee 
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INT 15h, AH = C2h, AL = 02h Set Pointing Device Sample Rate 


INT 15h, AH = C2h, AL = 02h sets the sample rate of the pointing device. 


INPUT: AH = C2h 

AL = 02h 

BH = Sample rate 
00h 10 reports/second 
Olh 20 reports/second 
02h 40 reports/second 
03h | 60 reports/second 
04h 80 reports/second 
05h 100 reports/second 
06h 200 reports/second 


AH 02h AL 
BH HUN | BL 


FM T T MB M TTC MITT TT TT TT TT TT 


MIB VMLMWMMPMWMNBMBMVMPVMPMTP T TTA TT 


CX 
DX 


OUTPUT: AH = 00h No error 
= QOlh Invalid function call 
= 02h Invalid input 
= 03h Interface error 
= 04h Resend command error 
= 05h No far call installed error 
CF = Q Successful completion 
= 1 Unsuccessful operation 


ae nn 
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INT 15h, AH = C2h, AL = 03h Set Pointing Device Resolution 


INT 15h, AH = C2h, AL = 03h sets the resolution of the pointing device. 


INPUT: AH = C2h 
AL = 03L 
BH = Resolution 
00h 1 count/mm 
Olh 2 count/mm 
02h 4 count/mm 
03h 8 count/mm 


OUTPUT: AH = 00h No error 
= Olh Invalid function call 
= 02h Invalid input 
= 03h Interface error 
= 04h Resend command error 
= 05h No far call installed error 
CF = Q Successful completion 
= 1 Unsuccessful operation 


AH 
BH 
CX 
DX 


AL 
BL 


——————————————————————————————————Á— 
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INT 15h, AH = C2h, AL = 04h Read Pointing Device Type 
INT 15h, AH = C2h, AL = 04h reads the pointing device ID. 


INPUT: AH = C2h 
AL = 02h 


AH 
BH 
CX 
DX 


AL 
BL 


OUTPUT: AH = 00h No error 
= Olh Invalid function call 
- 02h Invalid input 
= 03h Interface error 
= 04h Resend command error 
= 05h No far call installed error 
CF = 0 Successful completion 
= ] Unsuccessful operation 
BH = Device ID 


i ———— 
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INT 15h, AH = C2h, AL = O5h Initialize Pointing Device Interface 


INT 15h, AH = C2h, AL = 05h is similar to INT 15h, AH = C2h, AL = Olh except this 
call also sets the data packet size according to the value in BH. After the call, 
the sample rate, scaling, and resolution are all set to their default values; 

(100 reports/sec, 4 counts/mm, and 1:1 scaling, respectively), and the pointing 
device is disabled. 


INPUT: AH = C2h 
AL = 00h 
BH = Data Packet Size 
00h Reserved 


Olh 1 byte 

02h 2 bytes 

03h 3 bytes 

04h 4 bytes 

05h 5 bytes 

06h 6 bytes 

07h 7 bytes 

08h 8 bytes 
AH AL 
BH BL 


CX 
DX 


MEE MBBBBBBBBUIIL 
PH lá M À III M LM MAI TAIM 


OUTPUT: AH » 00h No error 
= Olh Invalid function call 
= 02h Invalid input 
= 03h Interface error 
= 04h Resend command error 
= 05h No far call installed error 
CF = Q successful completion 
= 1 Unsuccessful operation 
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INT 15h, AH = C2h, AL = 06h Pointing Device Extended Commands 


INT 15h, AH = C2h, AL = O6h returns the three byte status from the pointing device 
or will set the scaling factor, depending on the value passed in BH. 


INPUT: AH = C2h 
AL = 06h 
BH = 00h Return status 
= Olh Set 1:1 scaling factor 
= 02h Set 2:1 scaling factor 


AH C2h 06h AL 
BH HU g 1111 BL 


MIU M MB B Bg LIP Bg MPBMÍTTTTTTITTITI 
EE BB Bá B gBBHEEEHD 


CX 
DX 
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DL 


B OUTPUT: AH = 00h 
wu = Olh 
= 02h 
= 03h 
= 04h 
= 05h 
BH = 00h 
BL = Sta 
CL = Sta 
DL = Sta 

CF = 0 

= ] 

BIT 
76543210 


E 


Res 
00h 
01h 
02h 
03h 
Sam 
00h 
Olh 
02h 
03h 
04h 
05h 
06h 
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No error 
Invalid function call 
Invalid input 
Interface error 
Resend command error 
No far call installed error 
If the operation is successful 
tus byte 1 
tus byte 2 
tus byte 3 
successful completion 
Unsuccessful operation 


] = Right button pressed 
Reserved 
] = Left button pressed 
Reserved 
Scaling Factor 

0 = 1:1 scaling 

l = 2:1 scaling 
] = Pointing device enabled 


Stream mode 
Remote mode 


© 
Hol 


1 
Reserved 


olution 
] count/mm 
2 count/mm 
4 count/mm 
8 count/mm 

ple rate 
10 reports/second 
20 reports/second 
40 reports/second 
60 reports/second 
80 reports/second 
100 reports/second 
200 reports/second 


SS 
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INT 15h, AH = C2h, AL = 07h Device Driver Far Call Initialization 


INT 15h, AH = C2h, AL = 07h stores the location of the pointing device driver in 
the extended BIOS data area. 


INPUT: AH = C2h 
AL = 07h 
Offset of device driver address 
Code segment of device drive address 


AH AL 
BL 


m CD 
Co >< 
Ho l 


CX 
DX 


OUTPUT: AH = 00h No error 
= 01h Invalid function call 
- 02h Invalid input 
= 03h Interface error 
- 04h Resend command error 
- 05h No far call installed error 
CF = 0 Successful completion 
= 1 Unsuccessful operation 
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INT 18h - SW - Boot Fail [0000:0060] 


An INT 18h is issued by the system ROM when system bootstrap attempts from both the 
diskette and the fixed disk drives are unsuccessful. 


ROM ENTRY: Points to Boot Fail handler 


ROM ACTION: This vector is initialized by the system ROM to point to the code that 
outputs the diskette error message "Replace and strike any key when 
ready," then waits for the user to press any key. On receipt of a 
keystroke, the ROM attempts a reboot by issuing an INT 19h. 


USE: The initialization code of a custom ROM can change the INT 18h vector to 
point to custom-ROM code that attempts to boot from another device, such as 
a special disk or network. The contents of the INT 18h vector should be 
preserved. If the attempt to boot the system on another device fails, the 
custom ROM should transfer control to the standard INT 18h vector. In this 
manner, the system can follow a sequence of bootstrap attempts on 
different devices. 
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INT 19h - SW - Bootstra 0000:0064 


INT 19h reads the bootstrap loader from the system disk and transfers control 
to it. 


ROM ENTRY: Points to Bootstrap ROM entry point 


ROM ACTION: Enables interrupts. Three attempts are then made to read the boot 
sector into location 0000:7C00. If these fail, INT 18h is called. 
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8.11 TICK COUNTER/ 
REAL-TIME CLOCK 
(RTC) INTERRUPTS 


The Tick Counter/RTC Interrupts provide all time keeping functions in the BIOS. 
The Tick Counter/RTC Interrupts are actually two separate services attached to 
two different hardware elements. 


= The tick counter is one counter of the 8254 Programmable Interval Timer 
and is provided chiefly for compatibility with software written for 
8088/8086-based products 


" The real-time clock is part of the RTC and Configuration Memory device which is 
powered by its own battery; RTC provides battery-backed-up time-of-day 
information and alarm service in a binary-coded decimal (BCD) format; the RTC 
maintains its function no matter what the power condition of the 
computer itself 


During power-on, the BIOS uses the RTC to initialize the tick counter. Thereafter, 
the tick counter maintains a 32-bit counter in the BIOS RAM area that contains the 
number of ticks since midnight. Ticks arrive from hardware interrupt IRQO and are 
vectored through INT 08h at a rate of approximately 18.2 ticks per second 

(18.2 Hz). When the counter reaches 1573040 (24 hours), it rolls over to zero and 
sets a rolled-over flag in BIOS RAM. 


In addition to time keeping, the tick counter also decrements a countdown timer 
variable in BIOS RAM, and when zero is reached,turns off the diskette drive motors. 
A periodic interrupt to application software is provided by the BIOS calling 

INT 1Ch every tick. The vector in INT 1Ch is initialized at power-on to point to 
a dummy interrupt return. 


RTC BIOS support provides an interface to the real-time clock device. This 
device maintains the time-of-day and an alarm function in hardware. When enabled, 
it also interrupts the processor on IRQ8 vectored through INT 70h at a rate of 
1024 interrupts per second (one every 976 us). 
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Three software services are driven by the RTC hardware interrupt to IRQ8: 
= Event Wait (INT 15h, AH = 83h) 

= Unconditional Wait (INT 15h, AH = 86h) 

= RTC Alarm Service (INT 4Ah) 


See their respective descriptions for further information. 


Table 8-20 lists the system interrupts and memory locations used by Tick 
Counter/Real-Time Clock interrupts. 


Table 8-20. Real-Time Clock System Interrupts and Memory Locations 


Interrupt Type Location Bytes Function 

08h HW 0000:0020 4 IRQO, Tick Counter 

]Ah SW 0000:0068 4 Tick Counter/RTC 

1Ch SW 0000:0070 4 Tick Counter Service 

4Ah SW 0000:0128 4 RTC Alarm Service 

70h HW 0000:01C0 4 IRQ8, RIC Interrupt 

| Memory Locations Affected by Interrupts 
0040: 006B l Interrupt-Occurred Flag 
0040: 006C 4 Timer Ticks Since Midnight 
0040:0070 l Timer-Rolled-Over Flag 
0040:0098 1 Pointer to Caller's Wait Flag 
0040:009C 4 Wait Count (32 bit) 
0040:00A0 l Wait Active Flag 
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INT 08h - HW - IRQO Tick Counter Interrupt [0000:0020] 
- CPU - Double-Exception Error 
INT 08h can be reached in either of two ways: 
= Normally, INT 08h handles the tick counter hardware interrupts from IRQO 
= In Protected mode, the 80386SX issues INT 08h when it detects a Double-Exception 


Error (processor cannot continue) 


Operating system software running in Protected mode can readily relocate hardware 
interrupts IRQO through IRQ7 to another block of eight interrupt vectors to avoid 
conflict. (See INT 15h, AH = 89h.) 


INT 08h is hardware-initiated by the output of Interval Timer Counter 0 at a rate 
of 18.2 times per second (18.2 Hz). INT 08h is used to provide time keeping 


functions, to turn off the diskette drive motors, and to make calls to INT 1Ch. 


ROM ENTRY: Points to ROM Tick-Counter Interrupt handler 


ROM ACTION: ROM code increments the contents of a 32-bit double-word. When the 
count reaches 1573040 (001800B0h), a flag is set (-1), indicating that 
the timer has rolled past a day since the last read and that the 
32-bit double-word is cleared to 0 for the next day's incrementing. 


INPUT: Double-word counter 

OUTPUT: Double-word counter, incremented rolled-over flag 

USE: The contents of the counter can be set or read by calls to INT 1Ah and can be 
used to keep track of elapsed time (since midnight). A user-supplied routine 
may also be periodically invoked from INT 1Ch. (See INT 1Ah and INT 1Ch 
for details.) 


The vector for this interrupt is normally not changed by the user. 
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INT 1Ah - SW - Tick Counter/RTC [0000:0068] 


INT 1Ah reads or sets the tick counter, RTC time, RTC date, or RTC alarm. The tick 
counter is a 32-bit location in BIOS RAM that is incremented 18.2 times per second, 
that is, once for each INT 08h hardware interrupt. When a count of 1573040 
(001800B0h) is reached (24 hours), the BIOS resets the tick counter to 0 and sets 
the rolled-over flag in location 0040:0070 to a 1. System software normally 
initializes this counter to the time of day as represented by ticks since midnight. 


RTC functions handle I/O to the Real-Time Clock and Configuration Memory Device and 
maintain a 32-bit event wait counter in BIOS RAM. The RTC operates independently 
of the tick counter. 


ROM ENTRY: Points to tick counter/RTC ROM entry point 

ROM ACTION: Upon entry, control is transferred to one of eight routines based on 
the function code in register AH. Illegal function codes cause 
control to simply return to the calling program. All registers are 
preserved except those returning a value. 


A summary of the tick counter/RTC functions (INT 1Ah) follows. 


Tick Counter/RTC Function Summary 


AH Function 

00h Read Tick Counter 
01h Set Tick Counter 
02h Read RTC Time 

03h Set RTC Time 

04h Read RTC Date 

05h set RTC Date 

06h Set RTC Alarm 

07h Reset RTC Alarm 


Interrupts remain enabled. 


The only tick counter/RTC function (INT 1Ah) that affects the caller's flags is the 
Set RTC Alarm Function. The carry flag (CF)and interrupt flag (IF) are set to 1 
when the alarm is already set, or active. 
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INT 1Ah, AH = OOh - Read Tick Counter 


INT 1Ah, AH = 00h reads the contents of the tick counter and places these values in 
the output registers. 


INPUT: AH = 00h 


AH HU MB g HI 


BX |// V T I P MP PB B lelifffflflflllllllll 
CX VIP MP PC P: IP BB Bg TLL TTT TTT TT ITI 
DX | T I P P P Bg Ml MP Pl III PPP LTT 


AL 


OUTPUT: CX = High portion of count 
DX = Low portion of count 
AL = Rolled-Over Flag = 1 when 24 hours have elapsed since last read 


AH 
BX 
CX 
DX 


////1/1///////////\_ ROLLED-OVER | AL 
lPMÜC P PB B MEL LC LITT TTT TTT 
HIGH COUNT <31..16> 


LOW COUNT «15..0» 


The Rolled-Over Flag is cleared by this interrupt. 


The tick counter increments continuously; 
= 18.2 times per second 

= 1,092 times per minute 

# 65,543 times per hour 

# 1,573,040 times per day 
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INT 1Ah, AH = Oth - Set Tick Counter 


INT 1Ah, AH = Olh loads the tick counter with the specified values. 


INPUT: AH = Olh 
CX = High portion of count 
DX = Low portion of count 


AH AL 
Bx HH DH M BL B 
CX COUNT <31..16> 

DX COUNT «15..0» 


OUTPUT: None 


The Rolled-Over Flag is cleared by this interrupt. 
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INT 1Ah, AH = 02h - Read RTC Time 


INT 1Ah, AH = 02h reads the RTC time and places the value in the output registers. 


INPUT: AH = 02h 


AH HD AM 


BX V/V T T P PP MP B MIEL B IPTE, 
CX TT P PPP M ll PTT B B MM M P Pg PL P ll lilll 
DX UT T T B P M Bl Ml CIF MIB BgMIPT MITT TP 


AL 


OUTPUT: CH 
CL 
DH 


BCD Hours 
BCD Minutes 
BCD Seconds 


AX 
BX 
CH 
DH 


ER TTT TTT LTT ATTA 


HH M UH 
BCD MINUTES 
TAI 


CL 
DL 


INT 1Ah, AH = 03h - Set RTC Time 


INT 1Ah, AH = 03h loads the specified values into the RTC time register. 


INPUT: 0 

BCD Hours 
BCD Minutes 
BCD Seconds 

00h if Standard Time (ST) 

Olh if Daylight Savings Time (DST) 


Po WI iF ZI IL 
uH uu Wu n M 


00ND > 


AX Hl MAuITMIII| AL 
Bx LB BG B BM M M HH B B B B Gg gM UL MB B ML B B B 


CH BCD HOURS BCD MINUTES | CL 
DH BCD SECONDS ST/DST DL 


OUTPUT: None 
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INT 1Ah, AH = 04h - Read RTC Date 


INT 1Ah, AH = 04h reads the date values from the RTC registers and stores these 
values in the output registers. 


INPUT: AH = 04h 


AH HA NNNHUM 


BX V I P B P PL Ml -CVlIIIIFTITTTTTTTTPTPTTP 
CX P B Ml Ml C lll BPlTMlMl M l ME PTT PCT Ul FTT TTT 
DX |/ V I T PC PPP M  l IIT TTT TT TFT TTT. 


AL 


OUTPUT: CH = BCD Century (19 or 20) 
CL = BCD Year 
DH = BCD Month 
DL = BCD Date 


AXUSLLLLLLTLTLLTLTLLTL TTT LTT TTT 
Bx LB BB B B BW B B B B B B B B B  G G 
CH| BCD CENTURY | BCD YEAR CL 
DH| BCD MONTH | BCD DATE DL 
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INT 1Ah, AH = 05h - Set RTC Date 


INT 1Ah, AH = 05h loads the specified values into the RTC date registers. 


INPUT: AH = 05h 
CH = BCD Century (19 or 20) 
CL = BCD Year 
DH = BCD Month 
DL = BCD Date 


AH HU B B gll 
BX 
CH| BCD CENTURY | BCD YEAR 

DH 


OUTPUT: None 


AL 


CL 
DL 


INT 1Ah, AH = 06h - Set RTC Alarm 


INT 1Ah, AH 


06h loads the specified values into the RTC alarm register. 


INPUT: AH = 06h 
CH = BCD Hours 
CL = BCD Minutes 
DH = BCD Seconds 


AL 
cL 
DL 


AH 
BX 
CH 
DH 


OUTPUT: Flags unaffected when no previous alarm is pending CF 
alarm is already pending. 


l, IF = 1 when an 


w The RTC interrupt (IRQ8) is enabled on Interrupt Controller 2 by the Set RTC Alarm 
function, but is not disabled by the Reset RTC Alarm function call. 
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INT 1Ah, AH = 07h - Reset RTC Alarm 


INT 1Ah, AH = 07h resets the RIC alarm register. 


INPUT: AH = 07h 


AH MITT 
BX 
CX 
DX 


OUTPUT: None 


AL 


INT 1Ch - SW - Tick Counter Service 


INT 1Ch is called from the ROM at every interval-timer clock tick to provide the 
user with a means of executing code on a periodic basis (18.2 times per second). 


ROM ENTRY: Points to a dummy interrupt return 

ROM ACTION: Returns 

INPUT: None 

OUTPUT: None 

USE: The vector for this interrupt can be changed to point to a user-supplied 


routine to be called at each hardware timer clock tick. The user routine 
must save all registers used and return with IRET. 
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INT 4Ah - SW - RTC Alarm Service 

INT 4Ah interrupt is called from the ROM when the alarm function of the RTC has 
been enabled and the desired time reached. INT 4Ah is provided to notify user 
programs when a specified time of day is reached. 

ROM ENTRY: Points to a dummy interrupt return 


ROM ACTION: Returns 


USE: The vector for this interrupt can be changed by system software or an 
application program to point to a user-supplied routine. 


COMPAQ DESKPRO 386s Personal Computer 


221 
7 8-164 BIOS 


INT 70h - HW - IRQ8, RTC Interrupt [0000:001 CO 


When enabled, the RTC device interrupts the processor approximately every 976 us, 
which is the period of the RTC clock. 


ROM ENTRY: Points to RTC interrupt handler 


ROM ACTION: The interrupt handler performs an EOI (End of Interrupt) to Interrupt 
Controller 2 (slave), then does an EOI to Interrupt Controller 1 
(master). The handler recognizes alarm interrupts and periodic 
interrupts. The periodic interrupt is used to implement the Wait and 
Event Wait (unconditional) INT 15h functions. 


When a periodic interrupt occurs, a check is made to ensure that a Wait or Event 
Wait is defined. If so, the 32-bit counter in RAM locations 0040:009C and 
0040:009E is decremented and checked for completion. If the timeout has expired, 
the periodic interrupt enable is disabled and the Wait Active flag in RAM at 
0040:00A0 is cleared, signaling the user's semaphore. This semaphore is bit «7» of 
a byte pointed to by location 0040:0098. 


When a Timer Alarm interrupt occurs, a call to INT 4Ah is performed. The caller is 
expected to intercept INT 4Ah before calling the Set Alarm function. 


INPUT: None 
OUTPUT: Event wait timer is decremented 


USE: Used by BIOS to implement the event timer and alarm functions 
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uw 8.12 VIDEO INTERRUPTS 


Information in this section describes the video BIOS functions as contained in the 
COMPAQ DESKPRO 386s Personal Computer system ROMs. When a video board containing 
its own BIOS ROM is installed, many of the video functions are extended or 
replaced. The BIOS technical information for each video board option contains 
specific details. 


The BIOS video interrupts provide access to the video display controller using 
software interrupt INT 10h. Many functions are provided, including: 


= Initializing the display in one of several formats 
= Reading from or writing to the screen memory 


= Scrolling a window on the display 


Two other interrupts, INT 10h and INT 1Fh, contain pointers to tables. They are 
provided for altering the CRT controller parameters and providing an extension to 
the graphics mode dot table. Two video display controllers are supported: a 
color/graphics controller that uses memory addresses beginning at 088000h, and/or 
a monochrome/text video display controller that uses memory addresses beginning 
at 0B0000h. However, BIOS has the capability of initializing and supporting only 
one active display controller at a time. 


During power-on, the BIOS checks the configuration memory, and sets bits «5..4» 

byte (0040:0010), to determine the type of display used initially. The initial 

display mode can be either: 1) 40 x 25 color/graphics or 80 x 25 character text 
mode, or 2) the monochrome/text display in 80 x 25 character format. 


Use the Set Video Mode command (INT 10h, AH = 00h) to initialize the video 
display controller. 


Whether to use BIOS or to directly access the screen memory depends on how much 
software portability or application performance is needed. 


Updating the screen memory of a COMPAQ Video Display Controller or a 
monochrome/text display controller requires no waiting for display retrace or 
screen blanking periods. However, some color/graphics display controllers require 
Ua» screen memory to be updated (or read) only when the display is inactive. This 
requirement prevents display "snow" from appearing on the screen during access. 


j——————————————— a a 
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BIOS 


Table 8-21 lists the video interrupts. 


Table 8-21. Video Interrupts 


Interrupts Type Function 

INT 10h Video I/O 

INT 1Dh Video Parameter Table 
INT 1Fh Dot Table 
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When the system encounters one of these video interrupts, it jumps to the address 
pointed to by the vector for that interrupt. Table 8-22 lists the memory locations 


where these vectors reside. 


Table 8-22. 


Memory Locations Used by Video Interrupts 


—————————————————————————————————————————À——————À— ——EEEE7=~ 


Memory Location 


Bytes 


Function 


——————————————ss————————————————————————————á''————————————————————————————————XÓÓ——Á kwssssnrp 


0000:0040 
0000:0074 
0000:007C 
0040:0048 
0040:004A 
0040:004C 
0040: 004E 
0040:0050 
0040:0060 
0040:0062 
0040:0063 
0040:0065 
0040:0066 
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INT 10h Vector 

INT 1Dh Vector 

INT 1Fh Vector 

Current Video Mode 

Number of Columns on Screen 

Length of Screen Memory (in bytes) 

Start of Screen Memory 

Cursor Save Area for Each Page (8 entries) 
Cursor Mode (start and end scan line) 
Current Page Being Displayed 

Base Address of Active Video Interface Board 
Current Mode 

Current Color 
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INT 10h - SW - Video I/O 

INT 10h performs all functions related to the video display. 

ROM ENTRY: Points to Video I/O ROM entry point 

ROM ACTION: On entry, control is transferred to one of 18 routines based on the 
function code in register AH. Illegal function codes cause control to 
return to the calling program. 

USE: An application program can use INT 10h to perform video functions directly. 


Table 8-23 lists the functions that can be returned in the AH register. 


Table 8-23. Video Functions 


Function Summary 
AH Action 
00h Set Video Mode 
01h Set Cursor Type 
02h Set Cursor Position 
03h Read Cursor Position 
04h Read Lightpen Position 
05h select Active Display Page 
06h Scroll Active Page Up 
07h Scroll Active Page Down 
08h Read Attribute/Character 
09h Write Attribute/Character 
OAh Write Character Only 
OBh Set Color Palette 
OCh Write Pixel 
ODh Read Pixel 
OEh Write ITY 
OFh Read Current Video State 
13h Write String 
BFh Video BIOS Extensions 

AL = 00h Switch to 8 x 8 character cell 


Olh Switch to 9 x 14 character cell 

04h Set mode - switch delay 

NOTE: The above video, BIOS extensions apply for a COMPAQ Video Display 
Controller Board connected to a COMPAQ Dual-Mode Monitor. 
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INT 10h, AH = OOh - Set Video Mode 


INT 10h, AH = 00h loads the video display controller registers with values for the 
specified video mode. 


INPUT: AH = 00h 
AL = Mode (00h..07h) 
00h = 40 x 25 Black &White 
Olh = 40 x 25 Color 
02h = 80 x 25 Black & White 
03h = 80 x 25 Color (standard) 
04h = 320 x 200 Color 
05h = 320 x 200 Black & White 
06h = 640 x 200 Black & White 
07h = 80 x 25 Monochrome (not compatible with COMPAQ monitors) 


AH MODE 


BX |// V T I P P P PP B PM Bl BM TTT TTT TTT LT. 
CX VV T MT P P MÀ Bl PITT TTTTTTTTT TTG 
DX |// V I T T B BP Bg l Cl TTT TTT TTT 


AL 


OUTPUT: None 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 8-169 


Modes 0 and 1 use 8 x 8 dot-character cells from the character ROM on the video 
display controller. 


Modes 2 and 3 use the 9 x 14 dot-character cells from the character ROM on the 
video display controller. Alternately, the 8 x 8 dot mode can be chosen by 
pressing the CTRL, ALT, and « (less-than) keys simultaneously. 


Modes 4, 5, and 6 display the 8 x 8 dot cell characters using ROM firmware to read 
a look-up table in the system ROM and write the dots on the screen. 


Mode 7 directs video I/O to an optional monochrome display controller board 
(not available from Compaq). 


When switching between high-definition (Modes 2 or 3) and any other mode, there is 
a 500-ms delay to allow the COMPAQ Dual-Mode Monitor to change frequencies. This 
delay can be disabled using the command MODE DELAY = OFF from the operating system 
as published by Compaq. 


Color burst on the composite-video output is not enabled in black-and-white 
(B&W) modes; otherwise black & white and color operate in an identical manner. 
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INT 10h, AH = Oth - Set Cursor Type 


INT 10h, AH = Olh specifies the scan lines used for the cursor. 


INPUT: AH = Olh 
CH = Start line number for cursor in bits <4..0> 
CL = End line number for cursor in bits <4..0> 


AH HL 0 11 
BX 
CH| START LINE # | END LINE # 

DX 


OUTPUT: None 


AL 


CL 


NOTE: The Set Cursor Type function takes special action if the current mode is 
02h or 03h (80 x 25) and the high-definition (9 x 14 dot cell) character 
set is in use. 


For 9 x 14-pixel displays, the BIOS code multiplies the incoming start and stop 
lines by 14/8 and rounds the result to the nearest integer to map it to a cell 


that is 14 scan lines high instead of 8. 


The following tabulation lists the adjustment: 


IN x 14/8 OUT(SCAN LINE) 
0 0.00 0 
l 1.75 2 
2 3.50 4 
3 9-29 5 
4 7.00 / 
5 8.75 9 
6 10.50 11 
7 12.25 12 
8 (see note) 8 
31 31 


a i i $T —— 
NOTE: When the start or stop line exceeds 7, both values are passed unaltered to 
the CRT controller. 


a ————— M — ——————— —————À 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 8-171 


INT 10h, AH = 02h - Set Cursor Position 


INT 10h, AH = 02h places the cursor at the specified screen location. 


INPUT: AH = 02h 
BH = Page Number (0..7) for Modes 0, 1 
(0..3) for Modes 2, 3 
(0) for Modes 4..7 
DH = Row (0..24) 
DL = Column (0..39) for Modes 0, 1 
(0..79) for Modes 2, 3, 7 


AH HU GaU | AL 
BH Hot | | BL 


CX VV T P C PC: CM B Ml IIITIETTTIT Bg B UL C TAM TTG GN 
DH ROW COLUMN 


DL 


OUTPUT: None 
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INT 10h, AH = O3h - Read Cursor Position 


INT 10h, AH = 03h returns the current horizontal and vertical position of 
the cursor. 


03h 

Page Number (0..7) for Modes 0, 1 
(0..3) for Modes 2, 3 
(0) for Modes 4..7 


AH HUULoJG Ju A 
BH HB Ul gl g gll | BL 


CX Tg B Ml ll TIEFIT TT PTT TFETT PTT T TTT 
DX |// V I MP MP MB MIT CB MP B Bg IP TTT LTT 


INPUT: AH 
BH 


OUTPUT: CH = Start line number For cursor in bits <4..0> 
CL = End line number for cursor in bits <4..0> 
DH = Row 
DL = Column 


AX VIT T MP B P C: IIT LTT TTT TLL TTT TT 


BXI/ VM M MP M M M M M IFIPB MEME BC B BgMMÜEIITPTTIP 
CH| START LINE # | END LINE # | CL 
DHL — — ROW | — COLUMN DL 


The Read Cursor Position function takes special action if the current mode is 2 

or 3 (80 x 25) and the high-definition (9 x 14 dot cell) character set is in use. 
Since the application program expects a number in the range (0..7), and the 
physical line number is in the range (0..13), the BIOS first multiplies the number 
by 8/14 and rounds the result to the nearest integer. 
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* The following tabulation gives the high-resolution display mapping: 


Out 
Scan Line) x 8/14 (Returned) 


0.00 
0.57 
1.14 
I 
2.29 
2.86 
3.43 
4.00 
4.57 
9.14 


RO 
-— 


CW 
N 


A 
N 


on 
GO 


c» 
GO 


m 
A 


Co 
Cn 


CO 
an 


10 9.71 b 
11 6.29 6 
12 6.86 7 
13 7.43 ! 


 —————————————————————————————————————————M—————————————————————————— 
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INT 10h, AH = 04h - Read Lightpen Position 


INT 10h, AH = 04h reads the contents of the lightpen register on the video display 
controller. The lightpen register specifies the pixel position of the lightpen on 
the screen. 


INPUT: AH = 04h 


AL 


AH 
BX 
CX 
DX 


OUTPUT: AH = 0 lightpen switch not triggered 
= 1 valid lightpen in registers 
BX = Pixel column (0..319) for Modes 4, 5 
(0..639) for Mode 6 
CH = Raster line (0..199) 
DH = Row of character lightpen is on 
DL = Column of character lightpen is on 
AH] PEN VALID //////////////1 | AL 
BX PIXEL COLUMN 
CH RASTER LINE |///////////[/[// | CL 
DH} CHAR ROW | CHAR COLUMN | DL 


The lightpen resolution is equivalent to the character-grid layout of the screen. 
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INT 10h, AH = 05h - Select Active Display Page 


INT 10h, AH = 05h specifies the active display page. 


INPUT: AH 
AL 


05h 

New Page Value (0..7) for Modes 0, 1 
(0..3) for Modes 2, 3 
(0) for Mode 7 


HL MW M M M 


EM ALTA TTT 
EMG 


AH 
BX 
CX 
DX 


AL 


OUTPUT: None 


INT 10h, AH = 05h is not valid for the graphics display modes. 
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INT 10h, AH = 06h - Scroll Active Page Up 


INT 10h, AH = 06h scrolls an arbitrary window in the display up by the specified 
number of lines. 


INPUT: AH = 06h 
AL = Number of lines to scroll (0..25) 
= 0 means blank entire window 

BH = Attribute used on blank lines (00h..FFh) 
CH = Scroll row - upper-left corner (0..DH) 
CL = Scroll column - upper-left corner (0..0L) 
DH = Scroll row - lower-right corner (CH..24) 
DL = Scroll column - lower-right corner 

(CL..39) for Modes 0, 1 

(CL..79) for Modes 2, 3, 7 


AH| |. 06h | NUMBER OF LINES] AL 
BH BL 
CH CL 
DH DL 
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BIT 


76543210 


Foreground Color 


0000 = Black 

0001 = Blue 

0010 = Green 

0011 = Cyan 

0100 = Red 

0101 = Magenta 
0110 = Brown 

0111 = White 

1000 = Gray 

1001 = Lt. blue 
1010 = Lt. green 
1011 = Lt. cyan 
1100 = Lt. red 
1101 = Lt. magenta 
1110 = Yellow 
1111 Int. white 
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Background color (use first 8 values above for background) 


Blink 


OUTPUT: None 
The input lines are blanked at the bottom of the window. 


The normal value for the attribute byte is 07h. 
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INT 10h, AH = 07h - Scroll Active Page Down 


INT 10h, AH = 07h scrolls an arbitrary window in the display down by the specified 
number of lines. 


INPUT: AH = 07h 
AL = Number of lines to scroll (0..25) 
= Q means blank entire window 

BH = Attribute used on blank lines (00h..FFh) 
CH = Scroll row - upper-left corner (0..DH) 
CL = Scroll column - upper-left corner (0..DL) 
DH = Scroll row - lower-right corner (CH..24) 
DL = Scroll column - lower-right corner 

(CL..39) for Modes O, 1 

(CL..79) for Modes 2, 3, 7 


NUMBER OF LINES 


CO D> 
L LG £e xL 


AL 
BL 
CL 
DL 


HUM I wg 


Oo O 


D 
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BIT 


76543210 


Foreground Color 


0000 = Black 

0001 = Blue 

0010 = Green 

0011 = Cyan 

0100 = Red 

0101 = Magenta 
0110 = Brown 

0111 = White 

1000 = Gray 

1001 Lt. blue 
1010 = Lt. green 
1011 Lt. cyan 
1100 = Lt. red 
1101 = Lt. magenta 
1110 = Yellow 
1111 = Int. white 
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Background color (use first 8 values above for background) 


Blink 
OUTPUT: None 
The input lines are blanked at the top of the window. 


The normal value for the attribute byte is 07h. 
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INT 10h, AH = 08h - Read Attribute and Character at Cursor Position 


INT 10h, AH = 08h returns the ASCII code and attribute byte for the character at 
the specified screen position. 


INPUT: AH 
BH 


08h 

Display page in the text modes only 
(0..7) for Modes 0, 1 

(0..3) for Modes 2, 3 

(0) for Modes 4, 5, 6, 7 


AH HU B Gg,n HELL | AL 
BH HUN g I 0 00 0)/) | BL 


CX VV T P P PPP M Ml III B PlPPBBLNBMIPF TTT TT 
DX | // TI P MP MB MB M RII PIT Bl PTT B B MIT TTT TTT 


OUTPUT: AH = Attribute of Character Read 
AL = Character Read 


AH} ATTRIBUTE | CHAR READ | AL 
BXI// TI M P B P MB B M TC BT LT TTT TTT TT 


CX 
DX 


FF ET P PB MUI T TE TT P TTT LTT 
SIAII 


For the Read- and Write-character functions while in the graphics mode, the 
characters are formed from a character-dot image in the system ROM. Only the first 
128 characters are in the ROM. INT 1Fh points to a user-supplied table that 
contains the dot patterns for the second 128 characters. 


For Modes 4, 5, and 6 (graphics modes), a space can be written with a 00h or a 20h, 


but only a 00h will be read back. For Modes 4, 5, and 6, the attribute returned 
in AH is not valid. 
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INT 10h, AH = 09h - Write Attribute and Character at Cursor Position 


INT 10h, AH = 09h writes the ASCII code and attribute byte for the character at the 
current cursor position. 


INPUT: AH = 09h 

AL = Character to Write (00h..FFh) 

BH = Display Page in Text Modes Only 
(0..7) for Modes 0, 1 
(0..3) for Modes 2, 3 
(0) for Modes 4, 5, 7 

BL = Attribute of Character to Write 
If bit «7» of BL = 1, then the color value is XORed with the current 
contents of the character 

CX = Count of Characters to Write 
(1..1024) for Modes 0, 1 
(1..2048) for Modes 2, 3, 7 
(1..40) for Modes 4, 5 
(1..80) for Mode 6 


wo 22 
[po 


OUTPUT: None 


For the Read- and Write- character functions while in the graphics mode, the 
characters are formed from a character-dot image in the System ROM. Only the 
first 128 characters are in the ROM. INT 1Fh points to a user-supplied table that 
contains the dot patterns for the second 128 characters. 


The maximum character count is limited in the text modes to the end of 
display page. 


When in graphics Modes 4, 5, or 6, the replication factor contained in register CX 
will produce valid results only for characters on the same row. 
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INT 10h, AH = OAh - Write Character at Cursor Position 


INT 10h, AH = OAh writes the ASCII code to the specified cursor position. 


INPUT: AH = 0Ah 

AL = Character to Write 

BH = Display Page in Text Modes Only 
(0..7) for Modes 0, 1 
(0..3) for Modes 2, 3 
(0) for Modes 4, 5, 6, 7 

BL = Attribute (Graphics modes only) 

CX = Count of Characters to Write 
(1..1024) for Modes 0, 1 
(1..2048) for Modes 2, 3, 7 
(1..40) for Modes 4, 5 
(1..80) for Mode 6 


AH AL 
BH| DISPLAY PAGE BL 
CX| COUNT OF CHARACTERS TO WRITE _ 
DX HL ME D B B B B B T B 


OUTPUT: None 


For the Read- and Write- character functions while in graphics mode, the characters 
are formed from a character-dot image in the system ROM. Only the first 128 
characters are in the ROM. INT 1Fh points to a user-supplied table that contains 
the dot patterns for the second 128 characters. 


The maximum character count is limited in the text modes to the end of 
display page. 


When in graphics modes 4, 5, or 6, the replication factor contained in register CX 
will produce valid results only for characters on the same row. 
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INT 10h, AH = OBh - Set Color Palette 


INT 10h, AH = OBh specifies the color generated by the color palette for a 


color ID. 
INPUT: AH = OBh 
BH = Palette Color ID being set (0..127) 
BL = Color Value to be used with that Color ID 


This function has meaning only for Modes 4 and 5 
Color ID = 0 selects the background color (0..15) 
Color ID = 1 selects the palette to be used 


AH HU n ll 
BH 


CX TT T P MMEPPP Bg Il IP PB CT UL C P T Tl gll 


DX [/ VI T P P P P  MUIPIB TTA TTA TTT 


AL 
BL 


The following tabulation lists the color values and the resulting colors. 


GESRESOUGCERUNGSGUGUUEN SPRUCH URRNUSERUVAEIKLCUVCRIUCEHCUMKAUKTCUD IUS MOMENT SE DLE EDT T LANCE EE TTT PT ES PO BI MCN RTE 


Value Color Value Color 


A SE a EGG NENNEN a a CZ MCN aE I TD IER TT ETE a MIC I I E TICE 


0 Black 8 Gray 

1 Blue 9 Light blue 

2 Green 10 Light green 

3 Cyan 11 Light cyan 

4 Red 12 Light red 

5 Magenta 13 Light magenta 
6 Brown 14 Yellow 

7 White 15 White 


GIETEEESETADNCEUERCONIUESAUDAICIXLOP a MEINEN E ENEMO HK a PP VIQR CAU I I I CH TX E RR CRUDO IMMENSE 
nen -——— — — ——————— M ÓÓ ! MEAE EEG EESSEGEERSESESGEBRRIRRIBIBRREZLÍÓÍ€ÍÍÁÉZ' en € Í—neÍÁ ÁmrtÓÓ—mM————————————  ————— Ó————— "A 


OUTPUT: None 
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INT 10h, AH = OCh - Write Pixel 


INT 10h, AH = OCh specifies the color of a pixel at the specified position. 


INPUT: AH = OCh 
AL = Color Value 
(0..3) or (80h..83h) for Modes 4, 5 
(0..1) or (80h..81h) for Mode 6 if bit «7» of AL is set to 1, then the 
color value is XORed with the current contents of the dot 
CX = Column Number 


(0..319) for Modes 4, 5 
(0..639) for Mode 6 
DX = Row Number (0..199) 


AH COLOR VALUE 
BXI/IVM M MP M MM MITT B B B MAP TTT TTT 
CX COLUMN NUMBER 

DX ROW NUMBER 


AL 


This function has significance only for graphics modes 4, 5, and 6. 


The following tabulation lists the color values and the resulting colors. 


Value Color Set Color 

0 Standard Background 
l Standard Green 

2 Standard Red 

3 Standard Brown 

0 Alternate Background 
l Alternate Cyan 

2 Alternate Magenta 

3 Alternate White 


OUTPUT: None 
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INT 10h, AH = ODh - Read Pixel 


INT 10h, AH - ODh returns the color value for the specified pixel. 


INPUT: AH 
CX 


ODh 

Column Number 

(0..319) for Modes 4, 5 
(0..639) for Mode 6 

DX = Row Number (0..199) 


AL 


OUTPUT: AL = The color value for the pixel read 
(0..3) for Modes 4, 5 
(0..1) for Mode 6 


AH 
BX 
CX 
DX 


AL 


This function has significance only for graphics Modes 4, 5, and 6. 
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INT 10h, AH = OEh - Write TTY 


INT 10h, AH = OEh writes characters to the screen as though the screen were a ITY 
receiving device. Only four ASCII codes are interpreted as standard TTY codes. 
The four ASCII codes are BEL, BS, LF, and CR. Characters are displayed for all 
other codes. 


INPUT: AH = OEh 
AL = Character to Write 
BL = Foreground Color in Graphics Mode 


(0..3) for Modes 4, 5 
(0..1) for Mode 6 


AH| —— OEh | CHARACTER JAL 
BH| ///////////////| FOREGRND COLOR | BL 


CXV IT B M IPM IIBMBMIIITTTTPTITT B TII 


DX P M IP MB M MIB TTT ATTA 


OUTPUT: None 
The screen width is controlled by the previously set mode. 


The display page used is the active display page. 


LS 
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wy INT 10h, AH = OFh - Read Current Video State 


INT 10h, AH = OFh returns the current screen width, display mode, and active 
display page. 


INPUT: AH = OFh 


AH HU OU l 


BX|// T P B P Cl: EIIIFFEIFTTTTFTT LTT TL LT 
CX TT PPP B ll lFFEFPFT LTT TTT BP B B TTT 
DX [/ VI T B P C Cl lÍVFITIITITTTTTTPTITTIL 


AL 


OUTPUT: AH 
AL 
BH 


Number of character columns on screen (40 or 80) 
Mode set (0..7) 
Active display page (0..7) 


MODE 
HU Peut uti 


Pl MIT P PB I B TFT TAT ATT TT LT 
Pl l I PPB Cl LETT TTT TTT 


AH 
BH 
CX 
DX 


AL 
BL 
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INT 10h, AH = 13h - Write String 


INT 10h, AH = 13h writes a character string to the screen, starting at the 
specified position. 


INPUT: AH = 13h 
AL = Format code (0..3) 
AL = 0, the string format is {char, char, char} and the cursor 
IS NOT moved 
AL = 1, the format of string is {char, char, char} and the cursor 
IS moved 


AL = 2, the format of string is {char, attr, char, attr} the cursor 
IS NOT moved 
AL = 3, format of string is {char, attr, char, attr} and the cursor 


IS moved 
BH = Display page (0..7) 
BL = Attribute 
CX = Length of string 
DX = Cursor position to write string 
ES:BP = Pointer to string 


AH FORMAT CODE 
BH| DISPLAY PAGE | ATTRIBUTE 


CX STRING LENGTH 
DH| — Row — | COLUMN 
BP STRING OFFSET 


ES STRING SEGMENT 


OUTPUT: None 


AL 
BL 


DL 
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INT 10h, AH = BFh - Video BIOS Extensions 


Function BFh adds extensions to the video BIOS needed for sensing or altering the 
hardware environment. These interrupts are unique to COMPAQ personal computers. 


INPUT: AH = BFh 
AL = 00h = Switch to 8 x 8 character cell 
Olh = Switch to 9 x 14 character cell 
04h = Set mode-switch delay 


BFh 
HA M M M FG 
/ 


AH 
BX 
CX 
DX 


AL 


AL 
PM OU PB B MB MM B MB MB ATT 
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INT 10h, AH = BFh, AL = 00h - Switch to 8 x 8 Character Cell 


This video BIOS subfunction is provided for compatibility with COMPAQ portable 
computers that have both internal and external displays. On the COMPAQ 
DESKPRO 386s Personal Computer, it changes the vector contained in INT 1Dh 

to point to a ROM table containing parameters needed to program the 6845 CRT 
controller for 8 x 8 character cell operation. It is processed only if: 


= Video is in 80 x 25 text mode (BIOS Mode 2 or 3) 
= A COMPAQ Video Display (VDU) Controller is installed 
= A COMPAQ Dual-Mode Monitor is connected 


Screen contents are not affected by this call. 


INPUT: AH = BFh 
AL = 00h 


AH 
BX 
CX 
DX 


AL 


OUTPUT: None 
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INT 10h, AH = BFh, AL = Oth - Switch to 9 x 14 Character Cell 


This video BIOS subfunction is provided for compatibility with COMPAQ portable 
computers that have both internal and external displays. On the COMPAQ 
DESKPRO 386s Personal Computer, it changes the vector contained in INT 1Dh to 
point to a ROM table containing parameters needed to program the 6845 CRT 
controller for 9 x 14 character cell operation. It is processed only if: 


= Video is in 80 x 25 text mode (BIOS Mode 2 or 3) 
= A COMPAQ Video Display (VDU) Controller is installed 
= A COMPAQ Dual-Mode Monitor is connected 


screen contents are not affected by this call. 


INPUT: AH = BFh 
AL = Olh 


01h 


AH AL 
BX 
CX 


DX 


OUTPUT: None 
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INT 10h, AH = BFh, AL = 04h - Set Mode-Switch Delay 


This interrupt enables or disables the 500-ms delay during the mode switch required 
for the COMPAQ Dual-Mode Monitor. The delay allows the monitor time to settle with 
video off after the mode change. 


INPUT: AH = BFh 
AL = 04h 
BH = Switch 
00h = Enable delay 
01h = Disable delay 
AH AL 


BL 
CX 
DX 


FM UU P B BB BM IEEITTCCB CB ULT TT TT T T T TITI 
lI TII BBC MULT TTTTTTTTTTTTITI 


OUTPUT: None 
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INT 1Dh - PTR - Video Parameter Table 


INT 1Dh points to a table of parameters that initializes the 6845 CRT controller 
after an INT 1Dh Set Video Mode command is issued. 


ROM ENTRY: Points to ROM Default Video Initial Parameter Table 

ROM ACTION: Not applicable 

INPUT: None 

OUTPUT: None 

USE: INT 1Dh can be used to supply a substitute parameter table for different CRT 
controller operating conditions. For example, the horizontal sync position 


can be changed to compensate for certain monitors. 


The vector at 0000:0074 for INT 1Dh can be changed to point to a user-supplied 
table consisting of four 16-byte entries. 
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The following chart shows the format of the video mode parameter table. 


Offset 
40 x 25 Table 
Modes 0, 1 
80 x 25 Table 
Modes 2, 3 


Graphics Table 
Modes 4, 5, 6 
Monochrome Table 
Mode 7 


The system ROM actually contains two video mode parameter tables to accommodate 
switching between 9 x 14-dot cells and 8 x 8-dot cells (for external RGB color 
monitors) in the 80 x 25 character mode. Switching the parameter tables is 
accomplished by INT 10h, AH = BFh, AL = Olh (for 9 x 14) and AL = 00h (for 8 x 8). 


Simultaneously pressing the CTRL-ALT-< (less-than) keys causes an INT 10h, 
AH = BFH, AL = 00h to be issued by the keyboard interrupt handler. The 
complementary CTRL-ALT-> (greater-than) key sequence causes an INT 10h, AH = BFh, 


AL = Olh to be issued. Only the table for the 80 x 25 entry differs between 
8 x 8 mode and 9 x 14 modes. 
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Table 8-24 lists the 6845 CRT controller parameters for 9 x 14 character cells. 


Table 8-24. CRT Controller Parameters for Various Video Modes 
(9 x 14 character cells) 


Video Mode 
Parameter 40x25 80x 25 Graphics Mono 
Horizontal total in characters 56 113 56 97 


Horizontal display in characters 40 80 40 80 
Horizontal sync position in characters 45 90 45 82 
Horizontal sync width in characters 10 10 10 15 
Vertical total in character rows 31 25 127 25 
Vertical total adjust in scan 6 6 6 6 
Vertical display in character rows 25 25 100 25 


Vertical sync position in character row 28 25 112 25 
a ————— "— DERE NR. 


Interlace mode 2 2 2 2 
Max scan line address 7 13 l 13 
Cursor start scan 6 11 6 11 
Cursor end scan 7 12 7 12 
Start address (H) 0 0 0 0 
Start address (L) 0 0 0 0 
Cursor address (H) 0 0 0 0 
Cursor address (L) 0 0 0 0 


NOTES: 1. Default values are given in decimal. 
2. The table address is loaded into the vector in INT 1Dh when a switch 
(CRTL-ALT-> (greater-than symbol)) to 9 x 14 character cell BIOS cal} 
is executed (INT 10h, AH = BFh, AL = Olh). 
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Table 8-25 lists the 6845 CRT controller parameters for 8 x 8 character cells. 


Table 8-25. CRT Controller Parameters for Various Video Modes 
(8 x 8 character cells) 


Video Mode 
Parameter 40x25 80 x 25 Graphics — Mono 
Horizontal total in characters 56 113 56 97 
Horizontal display in characters 40 80 40 80 
Horizontal sync position in characters 45 90 45 82 
Horizontal sync width in characters 10 10 10 15 
Vertical total in character rows 31 © 31 127 25 
Vertical total adjust in scan 6 6 6 6 
Vertical display in character rows 25 25 100 25 
Vertical sync position in character row 28 28 112 25 
Interlace mode 2 2 2 2 
Max scan line address 7 ] l 13 
Cursor start scan 6 6 6 11 
Cursor end scan 7 7 / 12 


ne 


Start address (H) 


a M M ———————— 


Start address (L) 


ne ————— UU M M o oi A A! LLL ^ mmmT———————————————————À————ÓÀ————— —————————— H—2— 


Cursor address (H) 
Cursor address (L) 


—————— nw Ámá————À———nÀ——————————————————————————"——— Ja—J——————————————————————————AX———J ss» 


NOTES: 1. Default values are given in decimal. 
2. The table address is loaded into the vector in INT 1Dh when a switch 
(CRTL-ALT-« (less-than symbol)) to 8 x 8 character cell BIOS call is 
executed (INT 10h, AH = BFh, AL = 00h). 


SEE ee eee ener eee Ó— oáÁ—— XXX XM 


O [o [cC 
O [Oo |o 
O [oO |o 
OIO IO 


© 
© 
© 
e 


——————— mÓ——— ———nná—o€—Á—e—————nmr— ——7————/————sM————'á—————Am————————— ————páá—————————(wssiSsS y 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 8-197 


up» INT 1Fh - PTR - Dot Table 


INT 1Fh points to a user-supplied dot table used to generate and read 8 x 8-dot 
graphics characters in Modes 4, 5, and 6. This table is needed only for those 
characters within the range of 80h..FFh. 


ROM ENTRY:  0000:0000 

ROM ACTION: INT 1Fh is used exclusively by the INT 05h Print Screen and INT 10h 
Video I/O routines, and then only in the graphics modes for the 
upper-128 character set. 

INPUT: None 

OUTPUT: None 


USE: The user must set INT 1Fh to point to a supplied table as follows. 


Leftmost column 


Rightmost column 


Character 

80h: Byte Offset 

Top Row +000h 
*001h 
+002h 
+003h 
+004h 
+005h 
+006h 

Bottom Row +007h 

Character 

FFh: 


Top row *3F8h 
*3F9h 


TT 
Bottom rw| | | | [ [ [| T ] seres 
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The following paragraphs describe how to program video memory for 8 x 8 
dot patterns. 


For example, to make a question mark (?) the character for code 81h, begin at 
offset +008h (81h - 80h) x 8 = +008h. Left-justify alphanumeric characters in the 
cell. Visible dots are usually composed of two adjacent cells ON. The bottom row 
is normally blank (00h), except for descenders and special graphics characters. 


Contents Offset 
78h +008h 
CCh +009h 
OCh +00Ah 
18h +00Bh 
30h +00Ch 
00h +00Dh 
30h +00Eh 
00h +00Fh 
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MISCELLANEOUS 
INTERRUPTS 


This section contains information on the unused hardware interrupts and 
miscellaneous information locations in the BIOS ROM. Six unused interrupts, 
listed in Table 8-26, are available for use by optional interface boards and 
user-written applications or system software. 


Table 8-26. Miscellaneous Interrupts 


Interrupts Type Function 

INT OAh HW Simulated IRQ2 
INT ODh HW [IRQ5 

INT 71h HW IRQ9 

INT 72h HW IRQ10 

INT 73h HW IRQ11 

INT 74h HW IRQ1? 

INT 77h HW IRQ15 


When the system encounters one of these interrupts, it jumps to the address pointed 
to by the vector for that interrupt. Table 8-27 lists the memory locations where 
these vectors reside. 


Table 8-27. Memory Locations Used by Miscellaneous Interrupts 


emory Location Bytes Function 


0000:0028 4 INT OAh Vector 
0000:0034 4 INT ODh Vector 
0000:01C4 4 INT 71h Vector 
0000:01C8 4 INT 72h Vector 
0000:01CC 4 INT 73h Vector 
0000:01D0 4 INT 74h Vector 
0000:01DC 4 INT 77h Vector 
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INT OAh - HW - Simulated IRQ2- CPU - Invalid TSS 


INT OAh provides compatibility with 8088/8086-based products that expect pin B04 of 
the system bus to be IRQ2. On COMPAQ 80386-based products, bus pin B04 of the 
expansion bus is actually connected to IRQ9, which is vectored through INT 71h. 
Therefore, for system compatibility with 8088/8086-based products, IRQ9 interrupts 
vectored through INT 71h are redirected by the BIOS to INT OAh. 


INT OAh masks the interrupt (INT), sends E01, and returns control to the calling 
program. The operating system software, running in the Protected mode, can readily 
relocate hardware interrupts IRQO to IRQ7 to another block of eight interrupt 
vectors to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 

USE: It is the responsibility of the operating system or the application program to 


set up the vector to process this interrupt. 


INT ODh - HW - IRQ5- CPU - General Protection 


INT ODh normally handles the interrupts from IRQ5, which is unused. However, if 
operating in the Protected mode, INT ODh is also issued by the 80386 when a General 
Protection exception is detected. 


INT ODh is not processed by the BIOS other than to return control to the 
calling program. 


Operating system software running in the Protected mode can readily relocate 
hardware interrupts IRQO through IRQ7 to another block of eight interrupt vectors 
to avoid conflict with the CPU interrupt. (See INT 15h, AH = 89h.) 

ROM ENTRY: Points to an interrupt return 

ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program to 
set up the vector to process this interrupt. 
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INT 71h - HW - IRQ9 


INT 71h receives the interrupts from IRQ9. 

On 8088/8086-based products, bus pin B04 of the expansion bus is connected to IRQ2, 
which is vectored through INT 0Ah. On COMPAQ 80386-based products, bus pin B04 is 
connected to IRQ9, which is vectored through INT 71h. For system compatibility 
with 8088/8086-based products, interrupts vectored through INT 71h are redirected 
by the BIOS to INT OAh. 

ROM ENTRY: Points to IRQ9 handler 


ROM ACTION: The IRQ9 handler points to the IRQ2 vector, which points to an 
interrupt return. 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 


INT 72h - HW - IRQ10 
INT 72h receives the interrupts from IRQ10. 


INT 72h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 
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INT 73h - HW - IRQ11 


INT 73h receives the interrupts from IRQI11. 


INT 73h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program to 
set up this vector for useful action. 
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INT 74h - HW - IRQ12, Pointing Device Interrupt 


INT 74h occurs each time a byte is received from the pointing device. INT 74h 
normally handles the pointing device interrupts from IRQ12. 


ROM ENTRY: Points to ROM input device interrupt handler 


ROM ACTION: The interrupt routine reads the pointing device from the 8042 
registers,takes special action if required, notifies the 8042 that the 
port has been read, clears the 8259A interrupt controller, and loads 
the device data into the extended BIOS area until the specific 
packet size is built. The packet size is determined by INT 15h, 

AH = C2h. Once the packet size is reached, INT 74 calls the 
device driver. 


INPUT: Pointing device 


OUTPUT: The packet is passed to software resident device driver via the SP stack. 


USE: The vector for this interrupt can be changed to select a user-supplied 
input device handler. 
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INT 77h - HW - IRQ15 


INT 77h receives the interrupts from IRQ15. 


INT 77h is not processed by the BIOS other than to return control to the 
calling program. 


ROM ENTRY: Points to an interrupt return 
ROM ACTION: None 


USE: It is the responsibility of the operating system or the application program 
to set up this vector for useful action. 
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8.14 SPECIAL BIOS ROM 
LOCATIONS 


The ROM memory locations described in the following sections are supplied in 
COMPAQ products. 


Table 8-28 lists the special BIOS ROM locations. 


Table 8-28. Special BIOS ROM Locations 


Address Bytes Function 

F000:FFE4 l Product family code 
F000: FFE5 l Point-release number 
F000:FFE6 2 Revision code 
F000:FFE8 2 BIOS type code 
F000:FFEA 6 Machine ID 

F000:FFFE l Machine type code 


Product Family Code 


The BIOS ROM contains a 1-byte product family code at address F000:FFE4. 
The contents of this memory location is 44h (F) for COMPAQ DESKPRO 386s 
Personal Computer products. 


Point-Release Number 
The specific release number of the BIOS ROM revision is identified by 1-byte code 


at address F000:FFE5. The contents of this memory location is a number represented 
by an ASCII digit. 


ROM Revision Code 


The BIOS ROM contains a 2-byte revision code at address F000:FFE6. The contents of 
this memory location are in printable ASCII, left justified, and blank filled 
(if necessary). 
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BIOS Type Code 
The BIOS type is identified by a 2-byte ASCII code at address F000:FFE8. 


The contents of this memory location are 30h, 33h ("0","3") for COMPAQ 
DESKPRO 386s Personal Computer products. 


Machine ID 


COMPAQ personal computers can be identified by a 6-byte string at address F000:FFEA 
that contains "COMPAQ" in uppercase ASCII code. 


Machine Type Code 


The machine type is identified by a 1-byte code at address F000:FFFE. It contains 
FCh for COMPAQ DESKPRO 386s Personal Computer products. The machine type code is 
provided for compatibility with 80286sx-based software. 


————————— Ó————U— TÜ————Á———— ——————————————————————————————————'Á(A——————————————————————————————————w nsnsssásuio 


COMPAQ DESKPRO 386s Personal Computer 


Technical Reference Guide 8-207 


8.15 PROGRAMMING 
EXAMPLES 
FOR PROTECTED 
MODE 
OPERATING SYSTEMS 


The COMPAQ DESKPRO 386s Personal Computer has some advanced hardware features that 
provide improved performance and compatibility when using the operating system as 
published by Compaq. A Protected mode operating system (such as UNIX) may need 
additional code to exploit fully these features that are specific to Compaq 
Computer Corporation products. Compaq has developed several code routines to help 
software developers take full advantage of those COMPAQ DESKPRO 386s Personal 
Computer features available when using the 80386 microprocessor in the 80386SX 
Protected mode or the 80386 Protected mode. 


The following pages contain examples of routines that: 

= Determine CPU type (8086, 8088, 80386SX, or 80386) 

= Determine whether or not the machine is a COMPAQ product 

= Put the CPU in HIGHest speed mode 

= Unprotect the highest 128 Kbytes of RAM (FEO000h to FFFFFFh) 

= Relocate VGA font vectors for COMPAQ VGA 

= Size and allocate system RAM in a UNIX environment 

NOTE: In order to ensure compatibility with future 80386-based Compaq 
products, access (reading or writing) to these registers must be done via 
the ROM-BIOS software interrupt Block Move (INT 15h, AH = 87h). The Block 
Move function in the BIOS recognizes access to the special 80C00000h 


location and takes the appropriate action to access the system registers 
to perform the equivalent function in future COMPAQ products. 
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The following routines are written in 80386 assembly language. The code is 
assembled and linked using 80386SX Protected mode addressing. However, the ; 
code modules themselves are executed while the fully 80386 CPU is in the 8086 ; 
Real mode. 


: These sub-routines are provided to help programmers detect a COMPAQ DESKPRO 386s; 
: Personal Computer; computer in order to fully exploit the advanced features of ; 
- the COMPAQ DESKPRO 386s Personal Computer. Under no circumstances should these ; 
- routines be used to exclude the use of applications software on computer 


; products manufactured by others. 
kkkkkkkkkkkkkkkšřžkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkákkkkkkkkkkkkxkxk,. 
: ' 


LISTING 

KXKKKKKKKKEKKKKKKKEKEKKKKKEKKEKKKKKKKKKKKKKKEKKKKKKKKKKKKKKKKKKKKKKKKRKKKKKKKKKKKKKKKKKE , 
PUBLIC _cpuvendor 
; _cpuvendor DW 0 : Global reference for vendor, 1 == COMPAQ ; 
PUBLIC _cputype 
; _cputype DW 0 - Global reference for CPU, 86H, 286H, 386H ; 
: COMPAQ EQU 1 | 
; OTHER EQU 0 ! 


eoo ee ooo occ occ c Occo Cc OCC C CC M x MA XA MA X X X X X X X XXX, 
' ' 
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o RAKKKKKKKKKEKKKEKKK KKK KK o kk Kok oko ko kc Koo ko ko ko ko kc koc ooo ko ko KKK KK kc Koo Kk cook o Ko KC Ko Ko KK KAA. 
' 


; MAIN ROUTINE 


; Real mode initialization for operating system start-up. Must be called after 
; boot but before transition to Protected mode. This routine performs specific 


; initialization for the COMPAQ DESKPRO 386s Personal Computer only. Other 
systems may also require specific initialization procedures. 


Determine CPU type and update _cputype flag. 
Determine whether or not vendor is Compaq and update _cpuvendor 


Use those flags to perform COMPAQ and/or 80386 specific initialization 


If (cpuvendor == Compaq) { 
hi_speed(); 

: if(cpu_type == 0x386) { 
egavec(); /* re-init VGA font vectors */ 

| romoff(); /* unprotect highest 128K 32-bit RAM */ 

NT MR 


PUBLIC oemrea]l 


oemreal proc near 


cal] cpu. type ; Determine CPU, ax-type 
mov [_cputype] , ax ; Update flag 
cal] Cpu_vendor ; Determine machine vendor 
mov [ cpuvendor] , ax ; Update flag 
cmp ax, COMPAQ ; Q: Is machine a COMPAQ? 
jnz not386 ; N: Don't attempt high speed or high RAM 
cal] hi_speed ; Y: Set speed to highest possible 
mov ax, [_cputype] ; Get flag 
cmp ax,0386h ; Q: Is machine a 386 ? 
jnz not386 ; N: Don't attempt to enable high RAM 
cal] egavec ; Y: Fix ROM pointers for VGA 
cal] romo f f ; Y: Unprotect highest memory 
not386: 
; Other OS-specific Real mode 
; init code goes here 
ret ; Real mode init completed 


oemreal endp 
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ROUTINE TO DETERMINE WHETHER OR NOT MACHINE IS A COMPAQ PRODUCT 


cpu vendor 
Determines whether or not Compaq is CPU vendor by looking at ROM 
Must be executed in Real mode 


Pointer to COMPAQ string must be derived at runtime. Although the 
assembler uses Protected mode addressing, this code runs in Real mode. 


AX = CPU vendor value 
0 = Indeterminate (not COMPAQ) 
1 = COMPAQ 


i kkkk*ž*ž*žkž*žžkžkkkž*ž*ž*žžkkžkžkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkx. 
° ' 


PUBLIC cpu. vendor 
cmpqstr DB "COMPAQ' 
pBegin cpu vendor near 


M] ——À M MM 
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push ds ; Protect used registers 
push es 

push si 

push di 

cld ; Autoincrement 


push CX ! 


mov ax, 0F000h ; Point to ROM string 
mov es,ax 
mov di , OFFEAh 
mov ax,cs ; Point to compare string 
mov ds ,ax 
mov si, offset OEMSUP TEXT:cmpqstr 
mov cx,6 ; Length of COMPAQ string 
repe cmpsb ; String compare 
mov ax, OTHER ; Return status if not COMPAQ 
jnz nomatch ; String did not match 
mov ax,COMPAQ ; It is a COMPAQ 
nomatch: 
pop CX 
pop di ; Restore used registers 
pop Si 
pop es 
pop ds 
ret ; F** RETURN *** 


pEnd cpu vendor 


o KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKEKKKEKKKKKEKKKKKEKKKKKKKKKKKKKKKKKKKKKKKKEEKK, 


ROUTINE TO PUT THE CPU IN THE HIGHest SPEED MODE 
hi_speed 


This routine uses INT 16h to set system speed to HIGH 
Must be called from Real mode 


Calling arguments for INT 16h 
AH = FOh 

AL = Olh 8-MHz 286 

= 02h 20-MHz 386 


oe KKEKKKKKKKKKKKKKKKKKKKKKKKKEKKEKKEKKKKKKEK KKK KK KKK ck ck ck ckockokokckckokokckockckckckokockckockckckckckock kckckckck ck ck k kk, 


PUBLIC hi. speed 


hi. speed proc near 


—————————— D—————QO——oOGe— ————IO BM 
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mov ax, OF002h 
int 16h : Set CPU to HIGHest speed possible 
ret = RAS RETURN 7 


endp hi_speed 


Akkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkxx,. 


; ROUTINE TO DISABLE ROM REPLACEMENT 


Disable ROM Replacement and make high memory OFEO000h to FFFFFFh 
writable. Use the ROM BIOS Move Block INT 15h (see GDT format below) 
to write OFFh to the memory-mapped Control register at 80C00000h. 
This is the simplest way to get a 32-bit GDT in 286 Protected mode. 
(Protected mode 286 GDTs are only 24 bit. 


The following routine enables and disables gate A20. Therefore, the 
operating system must enable gate A20 after completion of the routine. 


Must be called from Real Mode 
Move Block Calling Arguments 
INPUT: None 


OUTPUT: AH = 0 if operation successful 

] if parity error occurred 

2 if exception error occurred 

3 if gate A20 failed 

move block - Move (copy) a block of data to or from anywhere in physical 
memory. Normally used to move data to or from extended 


memory (beyond 1 MB) because Real mode addressing can 
address only the first MB of RAM. 


ENTRY: CX 
ES:SI 


EXIT: AH 


number of words to move (max 8000h) 
Pointer to descriptor table (Refer to diagram below.) 


00 if OK 
01 if parity error 
02 if exception error 


03 if gate address bit A«20» fails 
Flags are unaffected 
USED: AX 
NOTE: The Block Move is performed with interrupts disabled. 
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GDT 
' ES:SI --» 4---------------------------- + 
TEE E Dummy descriptor —— | &GDT (0) : 
! | GDT descriptor | GDT (1) ! 
: | Source segment descriptor | GDT (2) | 
: |.Terget segment descriptor | GDT (3) | 
: | B10S C$ segment descriptor | &DT (4) | 
|. BIOS $$ segment descriptor | GDT (5) ! 
! Entries 0, 1, 4, and 5 should all be initialized by the caller | 
to 8 bytes of 0 each. Entries 2 and 3 must be valid descriptors 
containing the appropriate base addresses, limit values, and 
access rights. ; 
: C CkCAck Ck kck ck ckckck ckokck ck ckckckckckckckck ok KK KKK occ ck kc ck ccc ck ck kc ck cock ccc kc cec ccce ` 


Definition of a descriptor ; 


desc struc ; 
limit dw 0 ; Offset of last byte in segment 
base low dw 0 ; Low 16 bits of 24-bit address 
base_high db 0 ; High 8 bits of 24-bit address 
rights db 0 ; Access rights byte 
ext_lim db 0 ;. 386 limit <19..16> 
ext base db 0 ; 386 extended base 
desc ends 
Define fixed GDT selector values for Block Move routine 
ROMDUM_SEL equ 0 * size desc ; GDT(0) = Dummy selector 
ROMGDT. SEL equ ] * size desc ; GDT(1) = GDT segment selector 
ROMSRC SEL equ 2 * size desc ; GDT(2) » Source segment selector 
ROMDST SEL equ 3 * size desc ; GDT(3) = Target selector 
ROMBIOS CS SEL equ 4 * size desc ; GDT(4) = BIOS CS segment selector 
ROMBIOS, SS. SEL equ 5 * size desc ; GDT(5) = BIOS SS segment selector 
! Various access rights 
DS ACCESS equ 92h ; Expand up, level 0, writable 
CS_ACCESS equ 9Ah 
MAXSEG equ OFFFFh ; 64K segment 
rploff label WORD 
DW OFFFFh ; Disable ROM replace command 
PUBLIC romoff ; Disable ROM replacement 


romoff proc near 


E a a 
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mov es: [di].base high,al 
mov es:[di].limit,MAXSEG 
mov es:[di].rights,CS ACCESS 


Set base high in descriptor 
Set limit 
Set access rights 


push bp : Protect used registers 
push es 
push si ; 
push di 
push cx ; 
l cld - Autoincrement 
l Allocate a GDT on the stack. 
sub sp,size desc * 6 : 6 entries in Block Move GDT 
mov bp,sp ; Get base to it 
mov ax,ss : Get segment address of GDT 
mov es,ax . into ES 
mov si,bp ; ES:SI = GDT 
mov di,bp ; ES:DI = GDT 
xor ax,ax . AX = 0 
mov cx,size desc * 6 - Number of bytes to clear 
l rep stosb : Clear 6 GDT entries 
Fill in the source descriptor in the GDT 
lea di, [bp*ROMSRC. SEL] : DI = address of SRC descriptor 
mov ax,cs ; Compute base low of IOCTRL 
shl ax,4 
add ax,offset rploff 
mov es: [di].base low,ax ; Copy from address of local OFFh 
mov ax,offset rploff 
shr ax,4 
mov CX,CS : Get segment address 
add ax,CX ; 
shr ax, 12 


; Fill in the destination descriptor in the GDT 
lea di, [Dp* ROMDST. SEL] DI = address of DST descriptor 
mov es: [di] .base_low,0 


mov es: [di] .base_high,0COh : Copy to 80C00000h 
mov es: [di] .ext. base,80h 
mov es: [di] .]imit,MAXSEG 
mov es: [di].rights,DS_ACCESS 


Set the I/O control byte by performing a Block Move of 1 word. 
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mov ah,87h ; Block Move opcode 
mov cx, 1 ; Move 1 word 
int 15h ; Write to the I/0 control byte 
add sp,size desc * 6 ; De-allocate GDT on stack 
pop CX 
pop di ; Restore used registers 
pop si 
pop es 
pop  . bp 
ret y *** RETURN. *** 
endp romof f 


o MAKKKKKKKKKEK KKK KKK KKK KKK KKK KEKE KKK KEK KK KK KEKE KKK KKK IK IK IK KEK KKK KKK EKER KKK IKEA. 


; ROUTINE TO RELOCATE VGA FONT VECTORS 
> egavec 


; This code relocates VGA vectors at 0440:00xxh for the COMPAQ VGA. Normally, 
; the ROM BIOS copies the VGA ROM to 32-bit RAM at FE0000h, then (using 

; Special hardware) remaps this RAM to 0E0000h. Thus, we have fast 
32-bit RAM in an unused ROM location to speed up VGA ROM calls. 


Because that high memory is allocated for use as operating system RAM, 
the VGA font vector must point back to the real VGA ROM at O0CO000h. 


ekkkkkkkkžkkžkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkáx. 
° 


PUBLIC egavec 


VGA VIDEO IO equ 10h 

VGA DOT VEC equ ]Fh 

VGA FONT VEC equ 43h 

VGA SEGMENT equ 0C000h 

pBegin egavec near 
mov ax,0 ; Page 0 in es 
mov es,ax 


mov si, (VGA_VIDEO_I0*4)+2 
mov es: [si] ,VGA_SEGMENT 
mov si,(VGA DOT. VEC*4)42 
mov es:[si], VGA SEGMENT 
mov si,(VGA FONT. VEC^4)42 
mov es: [si] , VGÀ. SEGMENT 
ret 


pEnd egavec 


INT 10h, segment 
Point it back to ROM 
INT 1Fh, segment 
Point it back to ROM 
INT 43h, segment 
Point it back to ROM 
** xk RETURN KkKX 


a a 
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kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkx. 


PROTECTED MODE INITIALIZATION CODE SAMPLE 


S 


The following memory-sizing code finds the highest RAM at OXFA0000 to 
OXFFFFFF on the COMPAQ DESKPRO 386s Personal Computer. This module is 
written in C and should be called during Protected mode initialization. 


The "romoff" routine in Real mode initialization has removed write 
protection on the highest 128 KB of 32-bit RAM (used as a ROM copy) before 
this code executes. 


Because the COMPAQ DESKPRO 386s Personal Computer memory can be moved around 
between low memory («640 KB) and the highest memory (F40000h-FFFFFFh) by 
board DIP-switch setting options, discrete ranges must be searched to avoid 
counting memory twice. 


Highest memory grows from the top (OxFFFFFF) downward; low memory 

grows from the bottom upward with a break occurring from 640 KB to 1 MB. 
The COMPAQ DESKPRO 386s Personal Computer always has a minimum of 384 KB of 
memory at from OxFAO0000 to OxFFFFFF. Other configuration ranges are: 


16 MB OxFFFFFF 


128 KB (ROM/RAM) 0xF E0000 
256 KB 0xFA0000 I 
128 KB OxF80000 
256 KB OxF40000 
aw C | o 
| MB 13 MB RAM 0x100000 
ROM/Video 0x0A0000 
640 KB 
640 KB 0x000000 
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NOTE: This code assumes that a bug in freerange() causes it to look 512 
bytes beyond the highest address given. The bug manifests itself only 
at the 16-MB address boundary, hence the search recognizes OxFFFDFF, 
rather than OxFFFFFF, as the highest address. If freerange() is 
altered, then the calling arguments presented here should also be 
altered. 


Debug printf's should be removed for production code. 

atom] macro divides by 512 

freerange (start, length); Verifies existence of RAM and adds 
it to the system freelist 
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extern int — cputype; /* Declared and initialized in Real mode */ 
freemem( f page) 


p fpage; 


register short npages, pages; 

extern char extmem; 

/* first 640K */ 

pages = freerange(fpage, *atoml(OxO9FFFF)); 

npages = pages; 

printf("Kbytes at 000000 = %d\n", pages/2); 

/* Normal 286 extended RAM from 1 MB to 16 MB */ 

/* On a 286, search all the way to 16 MB. On a 386, */ 

/* search only to the beginning of COMPAQ high memory at */ 
/* Oxf40000 i 


pages = freerange("*atoml(0x100000), 
*atoml( (cputype==0x386)? OxF3FFFF : OxFFFDFF) ); 
npages += pages; 
printf("Kbytes at 0x100000 = %d\n", pages/2); 
/* Look for highest COMPAQ DESKPRO 386s Personal Computer RAM. 
Because memory is */ 
/* contiguous from the first address to OxFFFFFF, quit the search */ 
/* after the first block is found. This action minimizes available */ 


d tH fragments.  */ 


while (cputype == 0x386) { 
pages = freerange(*atoml(0xF40000), *atoml(OxFFFDFF)); 
if (pages) { 
printf( Kbytes at OxF40000 = %d\n", pages/2); 
) reak; 


pgots - [ongranget atomi ORE OED), *atoml (OxFFFDFF)) ; 
pages - i 
printf Kbytes at OxF80000 = %d\n , pages/2); 


j 
pages = freerange(*atoml (0xFA0000), *atoml(OxFFFDFF)); 


if (pages) { 
printf( Kbytes at OxFA0000 = 4XdWn", pages/2); 
) , 


pages = freerange(*atoml (OxFE0000), *atoml(OxFFFDFF)); 
if (pages) { 
printf( "Kbytes at OxFE0000 = %d\n", pages/2); 


) NN 
npages += pages; 


_ printf ("Total Kbytes = %d\n", npages/2); 
return(npages); 
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drive controller 13-5 
Diskette Drive Status codes 8-37 
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Main Status register 13-5 
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size 13-13 
specification 13-13 
Status register 13-4 
Track Format table 8-45 
Write Precompensation 13-7 
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master reset 6-17 
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Page register 6-3,6-4 
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E 
End-of-interrupt (EOI) 6-23 
Enhanced-page 4-2 


Equipment installed 6-42 
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Error codes 4-25 
ERRx- 4-19 


Expansion boards 4-21 
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Expansion bus cycles 5-7, 5-8 
Expansion bus signals 4-18,5-2 
Expansion bus timing 4-30,5-11 
Extended memory 6-36 

extended memory sizes 6-43 
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commands 14-13,14-16 
configuration word 14-24 
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Cylinder Low register 14-10 
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Data register 14-7 
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Drive Select/Head register 14-11 


error codes 14-22 
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errors 14-26 
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programming 14-6 
Read Buffer command 14-25 
Read Long command 14-18 
Read Sectors command 14-17 
Recalibrate command 14-17 
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sector Count register 14-9 
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Write Long command 14-19 
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File Allocation Table 15-17 
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file information parameters 15-21 
file storage 15-9 
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identification area parameters 15-14 
sample directory 15-19 
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specifications 15-38 
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Specifications 15-38 
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Format a fixed disk drive with more 
than 8 heads 14-20 
Fully nested mode 6-20 
G 
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GRAB- 5-5 
Graphics controller 9-2 
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Graphics Controller Bit Mask 9-52 
Graphics Controller Color Compare 9-47 
Graphics Controller Color 
Don't Care 9-52 
Graphics Controller Data Rotate 9-47 
Graphics Controller Data Set/Reset 9-45 
Graphics Controller Enable Bit 
Set/Reset 9-46 
Graphics Controller Index 9-44 
Graphics Controller Miscellaneous 9-5] 
Graphics Controller Mode 9-49 
Graphics Controller Read 
Plane Select 9-48 
Graphics Controller mode 9-7 
Graphics modes 8-180,9-5 


a ——— 


<S 


TA Technical Reference Guide l-7 


up H Interrupt (Continued) 

Control 6-4,6-20,6-22,6-18 
High-resolution display mappin 8-173 Coprocessor = 8-28 
i ES Diskette Drive 8-30,8-33 
Ho — 344,38 ani 7 
HOLD request 5-7 DISKETTE CHANGE- 8.32 
Horizontal display enable 9-56 formatting a diskette 8-33 
Horizontal Sync (HS) 10-5, 10-6 parameter tables = 8-30 
status codes 8-37 
Fixed Disk Drive 8-53 
status codes 8-55,8-56 
Fundamentals 8-7 
I/0 Jal Keyboard 8-77 
ACE 7-3 enhanced keyboard 8-78 
address decoding 7-1 indicators 8-78 
asynchronous communications 7-3 SYS Req Key 8-77 
port addresses 7-3 Miscellaneous 8-199 
1/0 map 6-4 Non-Maskable (NMI) 6-18 
I016- 5-5,5-7 port 61h 6-19 
Identification routine 8-2 port 70h 6-20 
coprocessor 8-4 pointing device 8-143 
processor 8-2 Printer 8-98 
INDEX- 13-12,14-12,14-14 priorities 6-22 
Initial display mode 8-165 Processor 8-107 
Initial interrupt controller values 6-2? programming example 6-23 
Input characteristics 10-5,10-10 sources 7-5 
Intel 386SX 1-1 system 8-116 
Intel publications [<2 Tick Counter/Real-Time Clock (RTC) 8-153 
Interleaved memory addressing 9-12 Video 8-165 
Interrupt 6-18 functions 8-166 
asynchronous communications 8-17 Interrupts 6-18 
catagories 8-12 INT Olh - CPU - Debug Exception 8-109 

Central Processing Unit 8-11 INT 02h - HW - 
bos Hardware 8-11 LM A 
Pointer 8-11 INT 03h - CPU - Software Breakpoint — 8-110 
Software = $811 INT 04h - CPU - Arithmetic Overflow 8-110 
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SW - Print Screen 8-99 
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INT 07h - CPU - 80387SX Not Present 8-28 


INT 08h - CPU - Double-Fault Error, 

HW - IRQO, Tick Counter 8-112,8-155 
INT 09h - CPU - 80387SX Segment Overrun, 

Hw - IRQ1, Keyboard 8-29,8-8? 
INT OAh - CPU - Invalid TSS, 
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HW - IRQ3, Comm, Secondary 8-18,8-113 
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HW - IRQ4, Comm, Primary 8-19,8-114 

INT 00h - CPU - General Protection, 

HW - IRQ5 8-199,8-200 

INT ODh - CPU - General Protection, 

HW - IRQ5, Not Used 8-115 

INT OEh - CPU - Page Fault, 

HW - IRQ6, Diskette 8-36,8-115 

INT OFh - HW - IRQ7, Printer 8-99,8-101 

INT 10h - SW - Video I/O 8-166 
AH = 00h - Set Video Mode 8-168 
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AH = 02h - Set Cursor Position 8-171 
AH = 03h - Read Cursor Position 8-172 


AH = 04h - Read Lightpen Position 8-174 
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Display Page 8-175 
AH = 06h - Scroll Active Page Up 8-176 


AH = 07h - Scroll Active Page Down 8-178 
AH = O8h - Read Attribute and 


Character at Cursor Position 8-180 
AH = 09h - Write Attribute and 
Character at Cursor Position 8-181 


INT 10h - SW - Video I/0 (Continued) 
AH = OAh - Write Character 


at Cursor Position 8-182 
AH = OBh - Set Color Palette 8-183 
AH = OCh - Write Pixel 8-184 
AH = ODh - Read Pixel 8-185 
AH = OEh - Write TTY 8-186 
AH = OFh - Read Current 
Video State 8-187 
AH = 13h - Write String 8-188 
AH - BFh - Video BIOS Extensions 8-189 
AH = BFh, AL = 00h - Switch 
to 8 x 8 Character Cell 8-190 
AH = BFh, AL = Olh - Switch 
to 9 x 14 Character Cell 8-191 
AH = BFh, AL = 04h - Set Mode- 
Switch Delay 8-192 
INT 11h - SW - 
Equipment Configuration 8-117 
INT 12h - SW - Base Memory Size 8-119 
INT 13h - SW - Diskette Drive I/O 8-37 
AH = 00h - Reset Diskette 
Drive System 8-39 
AH = Olh - Read Status of 
Last Operation 8-58 
AH = 02h - Read Sectors 8-4] 
AH = 03h - Write Sectors 8-42 
AH = 04h - Verify Sectors 8-43 
AH = 05h - Format Track 8-44 
AH = 08h - Get Drive Parameters 8-46 
AH = 15h - Get Drive Type 8-48 
AH = 16h - Read Diskette Change 8-49 
AH = 17h - Set Drive Type 
for Format 8-50 
AH = 18h - Set Media Type 
for Format 8-51 
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INT 13h - SW - Fixed Disk Drive I/O 8-55 


AH = 00h - Reset Fixed Disk 
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INT 15h - SW - BIOS Extension (Continued) 


AH = Clh - Return Extended BIOS 


Drive System 8-57 Data Area Segment 8-14? 
AH = Olh - Read Status of AH = C2h, AL = Olh - Reset 
Last Operation 8-58 Pointing Device 8-143 
AH = 02h - Read Sectors 8-59 AH = C2h, AL = 02h - Set Pointing 
AH = 03h - Write Sectors 8-60 Device Sample Rate 8-144 
AH = 04h - Verify Sectors 8-61 AH = C2h, AL = 03h - Set Pointing 
AH = 05h - Format Track 8-62 Device Resolution 8-145 
Hi = oeh = Get Drive Parameters 8-64 AH = C2h, AL = 04h - Read Pointing 
AH = 09h - Initialize Fixed Disk — Device Type 8-146 
Drive Parameters 8-65 AH = C2h, AL = 05h - Initialize 
AH = 0Ah - Read Long. 326 Pointing Device Interface 8-147 
AH = OBh - Write Lon 8-67 AH = C2h, AL = 06h - Pointing Device 
AH = OCh - Seek Cylinder 8-68 te ES =- 
l AH = C2h, AL = 07h - Device Driver 
AH = ODh - Alternate Disk Reset 8-69 Far Call hüttalization 8-150 
AH - 10h - Test Drive Ready- 8-70 Eja cone Retan. = 
AH = 11h - Recalibrate Drive 8-71 System Environment 8-141 
AH - 14h - Controller Diagnostic 8-7? INT 16h - SW - Keyboard 1/0 8-84 
AH = Ish - Get Drive Type 8-73 INT 17h - SW - Printer I/0 8-99, 8-101 
INT 15h - SW - BIOS Extension 8-120 AH = 00h - Print Character 8-102 
AH = 4Fh - Keyboard Scan Misdiheinitialize Printer. à mii 
Lo AUi NENNEN e AH = 02h - Get Printer Status 8-105 
identi LLL AU NE INT 18h - SW - Boot Fail 8-151 
DRM LN: NENNEN INT 19h - SW - Bootstrap 8-152 
EE UNS UC NL L S NS INT 1Ah - SW - Tick Counter/RTC 8-156 
LEN P AH = 00h - Read Tick Counter 8-157 
AH = Olh - Set Tick Counter 8-158 
AH = 83h, AL = Olh - Cancel ee 
Event Wait 8-126 AH = 02h - Read RTC Time 8-159 
AH = 84h - Joystick 8-127 AH = 03h - Set RTC Time 8-159 
AH = 85h - SYS REQ Key Routine 8-129 VALE LR s 
AH - 86h - Unconditional Wait 8-131 ae I NIU C 
AH = 87h - Move Block 8-132 AH = 06h - Set RTC Alarm 8-161 
w AH « 89h - Enter Protected Mode 8-134 mM keset RTC Alarm 8-162 
AH = 90h - Device Wait 8-137 
AH = 91h - Device Post oe CTRL-BREAK Service 8-82 ,8-97 
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Interrupts (Continued) 
INT 1Ch - SW - Tick 


Counter Service 8-162,8-193 
INT 1Dh - PTR - Video 
Parameter Table 8-166 
INT 1Eh - PTR - Diskette Drive 
Parameter Table Vector 8-52 
INT 1Fh - PTR - Dot Table 8-166,8-197 
INT 4Ah - SW - RTC Alarm Service 8-163 
INT 40h - SW - Diskette Drive I/0 8-52 
INT 41h - PTR - Fixed Disk Drive 1 
Parameter table 8-54,8-74 
INT 46h - PTR - Fixed Disk Drive 2 
Parameter table 8-54,8-74 
INT 70h - HW - IRQ8, RTC Interrupt 8-164 
INT 71h - IRQ9 8-199,8-201 
INT 72h - IRQ10 8-199,8-201 
INT 73h - IRQ11 8-199,8-20? 
INT 74h - IRQ12 
Pointing Device 8-82,8-199,8-203 
INT 75h - HW - IRQ13, 80387SX Error 8-29 
INT 76h - HW - IRQ14, Fixed Disk 
Drive Interrupt 8-76 
INT 77h - IRQ15 8-199,8-204 
Interval Timer 6-2,6-4,6-24 
architecture 6-27 
control word format 6-30 
Counter Latch Command 6-31 
fail-safe 6-24 
functions 6-25 
initial values 6-29 
operating modes 6-29 
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programming 6-28 
Read Back Command 6-31 
refresh-request 6-24 
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IOCHK- 5-2,6-18 
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IOWC- 5-4 
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IRQ5 16-17 
IRQ7 16-17 
IRQ12 11-13 
IRQx 5-3,6-2? 
J 
Jumpers B-1 
ACPP Board (E-1) 16-15,16-16,16-17 
diskette drives 13-7 
fixed disk system B-12 
printer interface (E-7) 7-9 
system board B-11 
tape host adapter board B-1 
K 
Keyboard 11-1 
block diagram 11-3 
connectors 11253 
controller 11-4 
enhanced keyboard 8-79 
keyboard indicators 8-78 
CAPS LOCK 8-78 
NUM LOCK 8-78 
SCROLL LOCK 8-78 
Specifications 11-53 
Sys Req Key 8-77 
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Keyboard communication 11-11 
Keyboard controller 11-4,11-5 
A20 11-12 
CMD/DATA 11-8,11-10 
Command/Status register 11-8 
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communications interface 11-18 
controller block diagram 11-5 
CPU-to-8042 interface 11-8 
data and clock circuits 11-6 
data format 11-7 
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data transfer timing 11-8 
FIFO buffer 11-18 
input port 11-14 
IRQ] 11-13 
IRQ12 11-13 


output port 11-12,11-13 
port 060h 11-10 


repeating key function 11-18 
SMAP 11-4 
status register 11-9 
System commands 11-20,11-41 
Default Disable (F5h) 11-46 
Echo (EEh) 11-43 
Enable Keyboard (F4h) 11-45 
Enhanced Keyboard Indicator (F2h) 11-44 
NOP (EFh. .Fih) 11-44 
Resend (FEh) 11-47 
Reset (FFh) 11-47 
Select Alternate Mode (FOh) 11-43 
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set All Keys (F7h, F8h, F9h, FAh) 11-46 
set Default Conditions (F6h) 11-46 
set Individual Keys 
(FBh, FCh, FDh) 11-47 
Set Key Repeat Rate (F3h) 11-44 
set Status Indicators 11-42 
system-to-keyboard timing 11-21 
8042 11-5 
8042 commands 11-15 
8042 port addresses 11-8 
8042 port functions 11-11 
8042-to-keyboard interface 11-6 
keyboard functions 11-2? 
Keyboard ID (83ABh) 11-51 
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ACK (FAh) 11-51 
Break (FOh) 11-51 
Echo (EEh) 11-51 
Enhanced Code (E0h, Elh) 11-51 
Error (00h or FFh) 11-50 
Failure Code (FDh) 11-51 
Overrun/Key Detection 11-50 
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Resend (FEh) 11-52 
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Mode 1 11-24 
scan codes 11-24 
Mode 2 11-29 
scan codes 11-30 
Mode 3 11-36 
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L Monitor configuration sense 9-3 DA 
Monitor-Type Circuit 10-7 
LAX 9-9 Monitors 2-12,10-1 
Lightpen resolution 8-174 MOTOR 2 ON- 13-12 
LOCK- 3-4 Move Block Descriptor Table 8-135 
Lookup table 8-169 MRD- 4-19 
LOW DENSITY- 13-12 MRoc- S B2B 
LOWAZ0 5-7 Multiplane architecture 9-5 
LPTx 16-1 MWE- 4-19 
MWTC- 5-5 
M 
M16- 5-5 N 
M/IO 3-4,3-7 NA- 3-4 
Mass storage Q- 7 NMI 6-18 
Master clock | | 9-2,9733 NMI Enable register 6-2 
MAX LLL 419 NMI routine 6-18 
ne NMI status 6-2 
MEDIA ID- NSD Non-CPU bus cycles 5-8 
Memory |. .  . |)» ^  2-6,2-11,4 Notational conventions 1-4 
Memory address switches B-7 NOWS- 5-4 
Memory expansion 4-20 
Memory expansion board 4-17 
Memory locations, 
asynchronous communications 8-18 O 
Memory-Write (MEMW-) signal 9-15 
Microprocessor 2-6, B-4 Odd/even memory access 9-10 
80386SX 2-6 OENB- 4-19 
speed select B-4 One-shot timeout 6-24 
Auto or High speed B-4 Operating characteristics 9-6 
Miscellaneous BIOS Options .— ^ .»J» » »  À»420]| y e 
keyboard information 8-81 Organization, manual 1-3 
Mode Control register 9-24,9-28 OSC 3*9 
MODE SPEED=xx 6-25 Overscan register 9-26 
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Packed Pixel 9-5 
architecture 9-5 
modes 


l bit per pixel 9-9 
bits per pixel 9-9 
8 bits per pixel 9-8 
Page registers 6-5 
Paged mode 4-2 
Palette 9-5 
Parallel port 1 6-4 
Parallel printer /-9,16-1,16-11 
I/O ports 7-9,16-12 
Printer Control register 7-11,16-14 
Printer Data register 7-10,16-13 
Printer Status register 7-10,16-13 
Parameters, diskette drive 8-30 
Parity errors 6-18 
Pascal 8-7 
Password 6-3,6-4,6-33,6-36,6-41,6-47,11-9 
PDx 4-18 
PEREQ 3-4 
PH 4-18 
Pixel position 8-174 
PL 4-18 
Ports 


primary port 8-17 
secondary port 8-1/7 
Post functions 8-53 


device post 8-139,8-140 
device wait 8-140 
Power supply 10-7,12-1 
block diagram 12-3 


connectors 12-5 
Fault-Detection Circuits 12-4 
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power-down sequence 12-4 
power-on sequence 12-2 
Specifications 12-6 


Power-on testing 4-25 
Prefetch 4-3 
Processor 

identification routine 8-2 
Processor reset 8-8 
Prolog 8-7 
Protected mode 3-2 
PWRGOOD 12-2,12-4 
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RAM diagnostics 4-14 
RAM relocation 4-14 


Read Back 6-28 
READ DATA- 13212 
Read Plane Select register 9-7 
READY- 3-4,14-12,14-14 
Real mode 3-2 
Real-time clock 6-4,6-33,8-153 

status register byte 6-37 

tick counter 8-153 

timer-ticks-since-midnight counter 8-8 
Refresh 4-16 
Refresh-request 6-24 
RESDRV Sio 
RESET 3-4 

normal reset 8-8 


software reset 8-9 
Resolution 10-16,10-18 


ROM mapping 4-11 
RSX 4-19 
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RTC Address register (data) 6-2 
RTC Data I/O register 6-2 
RTC ma 6-36 
RTC memory ma 6-34 
S 
SAO 3-7,5-7 
SBHE- 555.527 
SDx 5-2 
SEEK COMPLETE- 14-12,14-14 
Self-test 10-6,10-10 
Sequencer 9-2 
Registers 
Sequencer Character Font Select 9-40 
Sequencer Clocking Mode 9-39 
Sequencer Index 9-38 
Sequencer Memory Mode 9-42 
Sequencer Reset 9-38 
Sequencer Write Plane Mask 9-40 
Serial port 6-4 
Set system speed 6-25 
SIDE SELECT- 13-12 
Signal processing 10-4 
Signals 5-2 
SMAP 11-4 
SMWTC- 5-4 
Software interrupt 6-18 
Speaker 6-32 
Special BIOS ROM locations 8-205 
BIOS type code 8-206 
Machine ID 8-206 
Machine Type Code 8-206 
Point-Release Number 8-205 
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Specifications Q-193,10-12 
diskette drives 13-13 
environmental 2-13 
fixed disk drive 14-27 
fixed disk drive backup 15-38,15-39 

40-megabyte tape backup 15-38 
135-megabyte tape backup 15539 
keyboard 11-53 
power supply 12-6 
VGC monitor 10-13 
VGM monitor 10-17 

SPEED CONTROL 3-8 

Square pixel spacing 9-7 

Standard interfaces 2-8 

Status signals 3-4 

STEP- 13-12 

Storage devices 2-11 

Switches B-1 
ACPP Board 16-1,16-4,16-11,16-15 

B-1,B-5,B-10 
address for 
asynchronous communications B-5 
Auto or High speed B-4 
base memory address limit B-7 
COM1/COM2 ] -3 
disabling on-board VGA 9-28 
diskette drive controller B-5 
fail-safe timer B-4 
fixed disk drive controller B-5 
fixed disk drive 
integrated controller B-5 


integrated video graphics controller B-5 
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LPT1/LPT2 ports 7-9 


memory configuration 4-20,4-25 


memory expansion B-7 
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parallel/printer interface B-5 
power-on password B-5 
primary B-5 


secondary B-5 
switch setting hood label B-3 
switch setting label B-2 
Switchbank 1 B-4 
Switchbank 2 B-5 
Switchbank 3 B-7 
Switchbanks B-2 
system board B-1 


Tape Host Adapter 15-37 
Tape Host Adapter Board 15-37,B-1 
Tape Host Adapter Switch Settings B-8 
8038/5X coprocessor B-4 
Sync 10-5 
sync polarity detector 10-6 
System board addresses 6-4 
System board connector location B-2 
System function control 11-11 
System function status 11-11 


system speed 6-25,6-26 


system speed values 6-26 
System timer interrupt 6-24 
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Tape Host Adapter 15-26 
block diagram 15-27 
command protocol 15-30 
connector 15-35,B-9 
Control register 15-30 
Data register 15-28 
I/O addresses 15-28 
1/0 port 15-28 
Signal descriptions 15-35 
Status register 15-29 
switch settings 15-37,B-8 

Tape operating system 15-25 

Tape utility 15-9 

Timeout 6-18 

Timing 4-28,10-15,10-20 
16-MHz memory 4-28,5-11 
auxiliary input 11-52 
expansion bus 4-30,5-12,5-14 
keyboard data transfer 11-8,11-21,11-49 
keyboard-to-system 11-49 
memory expansion 4-20 


system-to-keyboard 11-21 
VGC monitor 10-14 


VGM monitor 10-19 
TRACK 00- 13-12 
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Unlatched address signals 5-7 
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Vertical Sync (VS) 10-5,10-6 
VGC monitor 10-2,10-15 
VGM monitor 10-8,10-17,10-20 
Video controller 6-4 
Control and Status registers 
Feature Control 9-36 
Input Status 0 9-32 
Input Status 1 9-34 
Miscellaneous Output 9-33 
Option Select 9-32 
Video Subsystem Enable 9-36 
Video Digital to Analog 
Converters (DAC) 9-3 ,9-27 
Video display controller 8-165 
Video graphics 2-8 
Video memory planes 9-2 
Video mode parameter table 8-194 
Video system 9-1 
Attribute Controller registers 9-69 
BIOS Modes 4 and 5 9-11 
BIOS Mode 6 9-13 
BIOS Mode 13 9-10 
BIOS ROMs 8-9 
block diagram 9-2 
CGA 9-1 
color lookup table 9-22 
color palette 9-22 ,9-72 
color palette loading 9-23 
colors 9-1 
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compatibility with EGA 9-79 
compatibility with software 9-72 
Control and Status registers 9-31 
CRT Controller registers 9-53 
DAC 9-2 
disabling on-board VGA 9-28 
EGA 9-1 
external palette 9-80 
external video card 9-28 
graphics configuration 9-7 
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MDA 9-1 
Packed Pixel modes 9-8 
palette 9-1 
Read modes 9-7 
register programing 9-31 
Sequencer registers 9=37/ 
text and graphic configuration 9-6 
text configuration 9-15 
attribute byte 9-18 
block diagram 9-17 
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the screen 9-18 
writing the character to video 9-15 
video color processing 9-22 
color lookup table subdivisions 9-25 
Video Feature connector 9-28 
video feature connector pinout 9-30 
video graphics color monitor 9-1 
video graphics controller 
(VGC) monitor 9-1 
video graphics monochrome 
(VGM) monitor 9-1 
Write modes 9-7 
Virtual mode 959 
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W/R 3-4,3-7 
Wait functions 8-53 
Waveforms 10-14,10-19 
Word operations 6-6 
Word read 5-7 
WRITE DATA- 13-12 
WRITE FAULT- 14-12,14-14 
WRITE GATE- 13-12,14-15 
WRITE PROTECT- 13-12 
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